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ABSTRACT
The ligand binding properties of the Fe(III) Porphyrin microperoxidase-8 
(MP-8) and several Co(III) Corrinoids towards nitrogenous bases have been studied.
More than 70 equilibrium constants for axial ligand substitution of three series 
of nitrogenous bases (Amines, Pyridines, Imidazole and their derivatives) with 
Fe(III)MP-8  and five different corrinoid complexes varying in the trans ligand X (X 
= Methyl, Vinyl, CN, Bzm and H2 O) have been determined spectrophotometrically 
in aqueous solution.
A base line verifying the general equation log K  =a,pK +b has been 
established for each metal complex with these nitrogenous bases, when the pK is the 
only significant variable, the value of (a) is comparable but values of (b) fall in the 
order 5-heterocycles > 6 -heterocycles > amines. These base lines are characterised 
by the wide range of pK's (pK =5.3 -10.6 for primary amines, 0.4- 9.76 for 6 - 
membered heterocyclic compounds and 2.3 - 14.3 for 5-membered heterocyclic 
compounds). The most striking base line was found in the case of the 5-membered 
heterocyclic compounds which covered 12 pK units, including imidazole, 1,2,4- 
triazole, their conjugated anions, together with certain substituted imidazoles. These 
base lines include the first linear basicity correlations for any Fe Porphyrin or for 5- 
heterocycles with any transition metal ion.
The value of the slope (a) increased linearly with published data on the trans 
effect and furthermore the established base lines pass through a focal point which is 
different for each family in the range pK =-2 to 0, log K =-2 to 0.
These base lines showed the enhancement of log K in the case of hydroxyl 
amine, hydrazine and pyridazine above the established base lines, this was ascribed 
to the so called a-effect for the first time in metal-ligand bonding. Also, the base 
lines help to quantify the suppression in log K value due to the steric hindrance as in 
the case of a  and ^-branching of amines and also the two substituted pyridines.
A new mechanistic pathway was established for the méthylation of Co(II) 
with methyl iodide in presence of the thiol (RSH) complex of Co(II). This reaction 
showed that increasing the electron density on the Co(II) ion by coordination of the 
polarisable RSH ligand induced some of the reactivity towards Mel characteristic of 
the fully reduced Co(I) corrinoids.
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1.1 INTRODUCTION
Co Corrinoids and Fe porphyrins are very important from the biological 
point of view and also from the coordination chemistry point of view because the 
structure of the corrinoids and the porphyrins are similar except for the missing 
methene bridge in the case of corrinoids (see 1.2.2). These two classes of compounds 
are very important to further our understanding of the metal-ligand interaction since 
they offer an excellent opportunity to study the stepwise equilibrium constants (log 
K) because they are kinetically labile and the vacant axial positions are limited to 
one, when the other axial position is blocked by a base (Bzm in the case of 
cobalamin and His in the case of MP-8), or two, when the two axial positions contain 
H2 O as in the case of the parent compound ( Diaquocobinamide or cobester). In the 
case of the other metal complexes such as Ag"  ^or Cu amine complexes, the values 
of the equilibrium constants are expressed as log p and not log K.
Nitrogenous bases were chosen for the equilibrium studies with the 
corrinoids and porphyrins because they provide a series of ligands such as Pyridines, 
Imidazoles and amines with a wide range of pK. They can therefore be used to probe 
many factors such as the basicity and the steric effect. Nitrogenous bases are of great 
interest to bioinorganic chemists for a variety of reasons such as the presence of an 
Imidazole group of Histidine as a ligand in most of the known haemoproteins. In 
addition 5-membered heterocyclic compounds have been used for many agricultural 
and medical fungicides.
One of the most interesting aspects of the chemistry of Co(III) complexes 
(especially Co(III) corrinoids) is the existence of several series of complexes which 
differ only in one ligand (including organoligands), thus allowing a direct
comparison of organoligands with the simpler, more inorganic ligands such as H2 O, 
NH3 , Cl" or CN" usually studied by coordination chemists. Such comparisons have 
revealed the remarkably strong trans effect exerted by alkyl and related ligands. 
Therefore, the interaction between changing the base and the Lewis acidity on the Co 
ion could be studied but a problem arises because the corrin ring is sterically very 
crowded which can allow some sort of non bonded interaction.
There is no suitable Co(III) Porphyrin with only a single axial site. 
Therefore, MP-8  (planar porphyrin ring) can be used as a standard with minimal 
steric effect.
The work in this thesis deals with studying the interaction between varying 
the basicity, steric and other factors in the nitrogenous bases and varying the trans 
ligand on the Co ion through determination of the stoichiometric (not 
thermodynamic) stability constant (K), Then, to use the obtained data to build up a 
sufficient and self-consistent pattern of relationships to serve as a reference for 
comparison with data available on the binding of nitrogenous bases by other metal 
ions. The resulting comparison provides the basis for a better understanding of the 
relative importance of the different factors (steric, electronic, solvation, etc.) which 
determine the magnitude of such metal-ligand interaction.
The observed patterns of binding constants for different metal ions and 
ligands are usually discussed in standard text books within the framework of themes 
relating to the metal ion such as (1) the Irving-Williams order, (2) the availability of 
filled-empty d orbital for 71-bonding and (3) the Crystal field effect. In addition to 
themes relating to the ligand such as (1) basicity, low-lying unfilled orbitals suitable 
for metal-to- ligand 71-bonding and (2) class a/b or hard/soft character.
There appears to be no detectable role for %-bonding in the coordination of 
axial ligands by Fe(III)Porphyrin (section 3.3.3) or Co Corrinoids (section 6.3.4). 
The nitrogenous bases are hard ligands or class (a) ligands. Some soft ligands have 
been used for comparison only as in the case of MeHg and Co corrinoid (chapter 7) . 
All the nitrogenous bases give similar CF and there is no any anomalies have been 
observed which could be ascribed to the CF effect.
A major theme of this thesis has been to test and extend the linear free
energy relationship logK=a.pK+b ....................................... (1)
This relationship was first demonstrated by Bruehlman and Verhoek in 1948 [1] for 
the coordination of amines with the Ag"*" ion, the subject was reviewed in 1972 [2]. 
In addition, the observed order of Trans effect when X is varied from X=Me to X= 
H^O [8 , 21] is however, probably analogous to the order of increasing K with 
divalent ions from Mn^"  ^ to Cu^"  ^ which was reported by Irving and Williams in 
1948 [3, 4] and related to an increasing Lewis acidity caused by the decreasing ionic 
radius and increasing ionisation potential.
1.2 GENERAL INTRODUCTION TO Co CORRINOIDS:
1.2.1 History of Vitamin Bx2 [5-7]:
Minot et al showed that pernicious anaemia could be alleviated by feeding 
patients large amounts of raw liver. This led to a search for the so-called "anti- 
pemicious anaemia" factor which culminated in the isolation of crystalline B j2 
1948 by Folkers and his co-workers and in the same year by Smith and Parker.
1.2.2 Structure of vitamin 81%:
The physical and chemical properties of vitamin B 12 were studied after the 
isolation of pure B j2  and they have been reviewed by Pratt [8,9], Fantes[10], 
Smith[7] and Folkers[ll]. The synthesis, properties and some of the biochemistry 
have been reviewed by McCormick and Wright [12] and also by Dolphin [13].
The structure of vitamin B j2  (fig 11) was elucidated by various degradation 
procedures [14] and X-ray crystallographic studies[15]. Thus, the vitamin possess a 
central Co(III) atom strongly coordinated to four pyrrole nitrogens. Initially, the 
tetrapyrrolic structure has the appearance of a Porphyrin ring system, but in fact it is 
a corrin ring, which differs from the Porphyrin ring system in that one of the methene 
bridges is missing. This structural difference between the Corrin and the Porphyrin 
rings is illustrated in fig. 1.2. The corrin ring is a nearly planar structure. The cobalt 
atom of vitamin B j2  also forms two other linkages with the ligand at right angles to 
the plane of the corrin ring. The first is to a cyanide group, generally drawn above the 
corrin ring and the second to the so-called parent base, generally drawn beneath 
the corrin ring. This is the most commonly 5,6-dimethylbenzimidazole (Bzm), as 
shown in fig. 1.1 or for abbreviation as shown in fig. 1.3 a. The cyanide group of 
vitamin B j2  is attached ionically to the Co(III) atom, while the nitrogen atom of the 
parent base is attached to the Co(III) by a coordinate bond. The cobinamides differ 
from the cobalamines in that the lack of the nucleotide side chain; fig. 1.3 b and Bzm 
is usually replaced by some other ligand.
C0NH2
yCONH;
C«2  ,CH
CM ;
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CONH2
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Figure 1.1: The structure of Vitamin B 12
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Fig. 1.2 The difference between the corrin and the porphyrin ring
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NC—Co—Bzm
Fig 1.3 Abbreviations used for cobalamins and cobinamides
1.2.3 Coordination Chemistry (valencies and coordination number):
All the Co(III) corrinoids with typical ligands (H2 O, CN", Cl", nitrogenous 
bases) are diamagnetic and six coordinate with colours ranging from orange to purple 
[8]. The monomeric d^ Co(II) corrinoids are yellow, low spin ( one unpaired 
electron), and five coordinate, as established with two crystal structures[16, 17]; a 
green iodide bridged diamagnetic and dimeric Co(II) cobester is also five 
coordinate[8 , 18]. EXAFS spectrum of the very unstable Co(I)-Cbl fairly definitely 
establishes a slightly distorted square planar coordination [19], in agreement with the 
fact that grey-green Co(I) Cbi and Cbl have identical spectra even in a neutral 
solution, i.e. Bzm is never coordinated. Square planar d^ Co(I) is similar to the 
square planar d^ Ni(CN)4 “ complex, be diamagnetic. All the R-Cbl's and R-Cbi's 
studied are diamagnetic.
1.2.4 Trans Effects
Trans effect has been reviewed in Co(III) complexes in general [20] and Co(III) 
corrinoid in particular[8]. The observed effect of a given ligand as compared with 
another can be divided into the following:
(1) Ground state effects, i.e., the effects on the bond lengths and angles, stretching 
and bending force constants, and other spectroscopic properties of the other ligands.
(2) Thermodynamic effects, i.e., the effect on equilibrium constants for the 
substitution of one ligand by another (without a change in the coordination number), 
for the gain or loss of a ligand (with a change in the coordination number), or for 
some equilibrium involving another ligand which remains coordinated (e.g. gain or 
loss of a proton).
(3) Kinetic effects, i.e. the effect on the rate of the reactions listed under (2).
Baldwin et al[21] have studied the second order rate constant and equilibrium 
constant for the substitution of coordinated H2 O by CN" in Co(III) corrinoids and 
showed a remarkably simple pattern in which:
(1) the ligand X occurs in the same trans effect order of increasing a-donor power 
from H2 O to Et (viz. H2 O < Bzm < HO" < ON" < -C = C - < -CH==CH2  < -CH3 < - 
CH2 CH3 ) for all the parameters observed at all three levels (ground state, 
thermodynamic, and kinetic) and (2) as the donor power of the ligand increases and 
the positive charge on the Co decreases, so (a) the binding constant for CN" falls by 
IOI6 (and those for the less covalently bound Imidazole and Bzm by 10^ - 10^), (b) 
the coordination even of H2 O eventually becomes so weak that the five-coordinate 
complex becomes the ground state, and (c) the rate constant for substitution of 
coordinated H2 O by CN" and other ligands rises by over 10^ to approach the 
diffusion-controlled limit.
The plot of Log versus log Kq n  G-®- the log of the formation constant for 
the binding of CN" to corrinoids with various trans ligand X) was chosen as a 
measure of the a-donor power of X (e.g. X—Co—Bzm).
1.2.5: Advantages of Co(III) Corrinoids:
The corrinoids offer a simpler basic set of reaction paths and a large "database" of 
redox potentials, equilibrium and rate constants as a frame work for discussing 
reaction mechanisms in general and ligand substitution equilibrium in particular.
It was found that Co(III) corrinoids offered advantages over other groups of 
transition metal complexes such as :
(i) The number of coordination sites undergoing substitution is limited to two by the 
presence of the corrin ring and can be further limited to one by the presence of a 
carbanion or Bzm in the trans position.
(ii) Ligand substitution in axial position is usually very rapid which facilitates the 
equilibrium studies, but makes it very hard to obtain kinetic data.
(iii) The corrinoids are soluble in an aqueous solution and stable over a very wide 
range of pH.
(iv) Their absorption spectra are very sensitive to change in the axial ligands and 
therefore provide a quick and easy means of studying equilibria.
(v) Their biochemical interest has provided the incentive for the study of the Co(III) 
corrinoid complexes.
1.3. GENERAL INTRODUCTION TO Fe PORPHYRINS:
1.3.1. Haemoproteins:
The haemoproteins form an important class of biological molecules which 
carry out a wide range of physiological functions including oxygen binding (Hb, 
Mb), electron transport (b and c cytochromes) catalysis of cellular reactions such as 
peroxidase, catalase, cytochrome P-450. Haemoproteins contain an active site iron 
porphyrin (haem) group (fig. 1.4) in which the Fe is axially ligated by either one or 
two bonds to the polypeptide chain of the protein.
The specificity shown by different haemoproteins for a particular type of 
chemical reactivity implies that the apo-protein moiety exerts a delicate control over 
the reactivity of the ferriheme. The number of axial ligands of the iron can be varied, 
e.g. the Fe^ "*“ of cytochrome bg is bis axially ligated by histidine,[2 2 ] while in 
cytochrome c the axial ligands are histidine and methionine [23]. This prevents 
oxygen binding to the central iron atom on reduction. There is only one strong axial 
ligand allowing other reactive species access to the sixth coordination site of the iron 
in the case of other haemoproteins included Hb and peroxidase.
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A protein model for Hb & Mb and peroxidase should therefore ideally contain a 
single axial Histidine (His) ligand with a weak field ligand such as H2 O/OH" at the 
other axial site and be predominantly monomeric in an aqueous solution. Substitution 
of the weak field ligand by nitrogenous bases or thio ethers provides potential models 
for the b and c cytochromes respectively. There are two problems viz. (1) most iron 
Porphyrin aggregate in aqueous solution and (2) the difficulty of coordination of 
single nitrogenous base due to the change in the spin state.
1.3.2 The Protein-free Microperoxidase:
Good protein free models are provided by the microperoxidases which are 
prepared by enzymatic degradation of cytochrome c to leave the iron Poiphyrin 
covalently attached to a short peptide side chain which includes His as an axial 
ligand. The number of amino acids in the side chain is indicated by the number e.g. 
MP-8  (see fig. 1.5).
Microperoxidase-11 (MP-11) was first prepared by Tsou using enzymatic 
degradation of cytochrome c with pepsin [24- 26]. Preparation of microperoxidase-8  
(MP-8), in which the N-terminal tripeptide Val-Glu-Lys is cleaved from MP-11 by 
trypsin was reported by Tuppy and Paleus,[27]. In studies of haemoprotein 
reactivity and fimction using the microperoxidase as model compounds, MP-8  was 
used more extensively than MP-11, primarily due to the more complex solution 
behaviour of the latter. MP-8 , in common with most haem complexes, shows a 
tendency to aggregate in an aqueous solution via n-n stacking interactions [28] as 
does MP-11 [29]. Increasing concentration promotes the aggregation in both 
cases.[28,29]
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Figure 1.4: The structure of Haemoproteins
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Figure 1.5: The structure of MP-8
The addition of methanol to aqueous MP-8  in concentration > 20% (v/v) 
permits a spectrophotometric study of ^  97% monomeric MP-8  at pH 7.0[30]. A 
study of the effect of MP-8  concentration on the UV-Visible spectrum led to 
determination of a dimerization constant in 20 % (v/v) aqueous MeOH / Phosphate 
of kg  = 12.1. Spectrophotometric titration of MP-8 in 20 % (v/v) aqueous MeOH 
solution with acid or alkali demonstrated the presence of 3 proton-linked equilibria, 
characterised by respective pK^ values of 4.43 (deprotonation of ImH*  ^ and 
coordination to Fe), 8.9 (proton loss from bound water to form OH") and 10.48 
(formation of imidazolate from bound His). MP-8 was found to be soluble to > 6 pM 
concentrations over the pH range 1-13 [31]. It was found that at pH 12, the aqueous 
solution of hydroxo MP-8  is predominantly monomeric [30], a finding confirmed 
by the ligand binding studies by Adam and co-workers [32]. Previous workers have 
employed buffered 50% (v/v) aqueous ethylene glycol solutions for studies of 
monomeric MP-8  [33].
1.3.3 Reactions of Mieroperoxidase-8:
MP-8 forms a low spin 6 -coordinate complex with ligands such as nitrogenous 
bases [31, 34- 37], azide [33, 38], CN"[39, 40] and thiolates[41]. The techniques of 
NMR and UV-Visible spectroscopy have been used to obtain quantitative 
information on MP-8  and ligand interaction which may then be compared to 
corresponding data for the halo proteins, such as cytochrome c.
A lot of work has been done to study the coordination of ligands such as CN" 
[39], Ng" with MP-8 . Also, the binding constant of F" and NCO" to MP-8  has been 
determined [44, 45]. Sulphur based ligands to MP-8 has been reported by several 
groups [41-43]. Addition of ligands such as cysteine containing a thiolate group to
13
MP-8  in a nitrogen atmosphere at 5 °C results in the formation of a low spin complex 
containing N-Fe-S axial coordination [42], no evidence for displacement of the 
proximal histidine ligand was reported.
The equilibrium constants of some amines and heterocyclic compounds have been 
determined spectrophotometrically (see the introduction of chapter 3).
1.4 ATM OF THE THESIS:
The main aims of this thesis are:
(i) To test for the existence of the general relationship (1) log K= a.pK + b using 
Fe(III) Porphyrin (MP-8) and Co(III) corrinoids combined with several nitrogenous 
bases with a wide range of pK.
(ii) To check the occurrence of the so called a-effect in metal-ligand bonding in the 
case of NH2 OH, NH2NH2  and Pyridazine.
(iii) To quantify the suppression in log K value due to the steric effect as in the case 
of amine ( a , P branching) and also in the case of substituted pyridine (2-Methyl 
pyridine).
(iv) To check how the trans effect (Corrinoids) will change the values of (a) and (b) 
in the general relationship log K =a.pK +b and whether and where the expected 
electronic effects are upset by steric effects due to non-bonded interactions of the 
axial ligand with the non -planar corrin ring.
The equilibrium studies on Co corrinoids showed that the nature of Co ion changes 
from strongly electrophilic (X =H2 0 , high log K) to weakly electrophilic when 
X=Me; the [MeCo]^"*' unit in the corrinoids resembles the simple Co(II), especially 
as seen by the axial ligands [9]. Therefore, it was of interest to test whether some of 
the nucleophilic character of the Co(I) ion (by reaction with Mel to form Co-Me)
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could be induced in Co(II) by increasing the electron density on the Co(II) by 
replacing the coordinated H2 O or Bzm by a better donor. So, another aim is:
(v) To investigate the reported Co-methylation of aquocobalamin by CH3I in the 
presence of thiols, whose mechanism has not yet been elucidated, in order to 
establish whether it involves the known reaction via Co(I) or, if not, how the Co ion 
is given nucleophilic character.
Porphyrin (MP-8) 
in 20% Methanol 
nitrogenous bases (chapter 3)
Co^"  ^corrinoids 
inH 20  
nitrogenous bases (chapter 4)
higher Zefî.
Co^ "*" corrinoids 
X =Bzm and H2 O 
chapter 5
lower Zgff 
Reaction s  Co"'" corrinoid 
chapter 6
General discussion and conclusions 
chapter 7
The above flow chart shows how the pattern of relationships is built up. 
Starting with materials on MP-8 , where the planar Porphyrin ensures minimal steric 
interaction with the axial ligand ( chapter 3), through Co corrinoids with X=CHg, 
vinyl and CN", which show no obvious anomalies due to steric interactions with non- 
planar ring (chapter 4). Then studying the corrinoids in the case of great Lewis
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acidity (X= H2 O and Bzm) where anomalies are observed which probably reflect 
such steric interaction (chapter 5) and of lower Lewis acidity and increasing 
nucleophilic character, as will be suggested from the mechanistic studies on the 
méthylation of corrinoids by CH3I in presence of thiols (chapter 6).
Finally, chapter 7 will summarise and discuss all the results obtained during the 
course of this work together with comparisons with published data for other ligands 
such as CH3NC, N3 " with corrinoids and other metal ions with nitrogenous bases.
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2.1. MATERIALS AND REAGENTS:
2.1.1: Source and Preparation of Corrinoids:
Cyanocobalamin (vitamin B%2 ) and hydroxocobalamin (Vitamin B%2 a) were 
obtained from BDH or Rhone-Poulenc Biochimie (France)
Aquocyanocobinamide (ACCbi) was prepared as described [46-48] using 
Ce(III) hydroxide to remove the nucleotide side chain by the following method. 
Vitamin B%2 (6x10 "^ mole), cerous nitrate ( 0.33M Ce(N0 g)3 .6H2 0 ), 2 M sodium 
hydroxide, potassium cyanide (0.84 g KCN) were added to 150 ml water and 
refluxed over a boiling water bath for thirty minutes with frequent shaking. The 
mixture was cooled in ice, made basic (pH =8.5) with 0.88M ammonia and left in a 
refrigerator overnight to allow the cerous hydroxide to coagulate. The solution was 
then filtered using a sintered-glass fuimel and extracted with phenol-chloroform. The 
product was mainly dicyanocobinamide. UV-Visible and TLC were carried out to 
characterise the product. In order to convert the dicyanide to the aquocyano form the 
solution was made acidic with 1 M of perchloric acid. A stream of nitrogen was 
passed through the solution (to remove the hydrogen cyanide formed) for two to 
three hours until most of the dicyanocobinamide had been converted to 
aquocyanocobinamide (shown by the spectrum of the neutralised species and also by 
TLC).The product is mainly aquocyanocobinamide and was shown to be pure using 
TLC; two spots of approximately equal intensity were observed. The two spots were 
due to the presence of two isomers (aquo) cyanocobinamide and (cyano) 
aquocobinamide [49].
Diaquocobinamide (DACbi) was prepared as described [50] by Betterton. A 
solution of ACCbi was adjusted to pH 2-3 with perchloric acid and it was poured into
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the annular space of the photolysis cell. The cobinamide was then photolysed and the 
volatile hydrogen cyanide was swept out with nitrogen until the reaction was 
complete. After about three hours the sample of DACbi was carefully neutralised 
with dilute sodium hydroxide. It is difficult to get a solid DACbi because evaporating 
the solution to dryness leads to variable quantities of cob(II)inamide [51].
Methylcobalamin was prepared as described [46] by reacting Mel and Co(I). 
A solution of aquocobalamin was reduced to the brown Co(II) and then slowly 
became grey-green Co(I). A drop of Mel was added, then the solution immediately 
turned red.
Alkylcobinamide (Methyl or Ethyl) was prepared as described [52] by reacting Co(I) 
cobinamide (NaBH4 , N2 ) with alkyl halide. The colour changed from grey-green to 
yellow within a few minutes.
Vinylcobinamide[53] was prepared from Co(I)cobinamide and acetylene using 
the following method. A solution of DACbi (50 ml, lO"^ M) was deoxygenated by 
passing nitrogen through the solution for 20 minutes. NaBH^. (20 mg) was then 
added to the stirred solution (under N2 ). Acetylene gas passed through the solution 
of Co(I) for about 30 minutes (The colour has changed to yellow after passing 
acetylene). The solution was left for three hours in an acetylene atmosphere to ensure 
the reaction was complete.
All of these compounds were purified by phenol-chloroform extraction. Most 
of these preparations were done on 10"^-10"^ M in aqueous solution and all alkyl 
corrinoids were handled in red light since these compounds are very light sensitive. 
These compounds were identified by UV-Vis. spectrophotometry and the purity was 
confirmed by TLC; yields were in most cases 98%. If necessary, column
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chromatography was used for further purification of these compounds e.g. for 
confirmation in the case of ACCbi.
The following section will discuss the different methods which have been 
used during the course of this work to purify the different Co corrinoid complexes.
Phenol-Chloroform Extraction [52-54]:
The corrinoids can easily be purified from inorganic impurities by extracting 
from the aqueous solution into phenol-chloroform (1:1 WA^) and from organic 
impurities by displacing it back into aqueous solution by the addition of ether. 
Chloroform can be replaced by the non-carcinogenic 1,1,1 trichloroethane [55].
Column Chromatography [46,53 ]:
Carboxymethyl (CM32) and diethylaminoethyl (DE32) cellulose from Whatman 
were used. CM cellulose contains negative charge group R-OCH2 COO" and is a 
weakly acidic cation exchanger. DE cellulose contains positive charge group 
R0CH2CH2NEt2 and is a weakly basic anion exchanger, Both types were micro 
granular grade to give an efficient separation of corrinoid.
Thin-Layer Chromatography [56]:
To check the purity of the purified corrinoid, TLC was used . Cellulose coated 
plastic plates 5x20 cm (Polygram cel 300), 0.1 cm thick cut to 5x5 cm were used for 
the routine work and supplied by Macherey- Nagel (Germany). The solvents used to 
develop the chromatogram based on the butanol water system [56] are given in the 
following table (2 .1) :
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Table 2.1 Solvents Used for TLC
No. Solvents Composition
I s-BuOH /water 9.5/4
II s.BuOH/water/glacial acetic acid 100/5/1
III s.BuOH/water/0.88 NHg 9.5/4A675
IV s.BuOH/water/0.88 NH3/IM KCN 250/100/.4/.3
Samples were applied to the TLC plates as a concentrated solution using a micro 
syringe. Chromatograms were developed in the dark at room temperature for an hour. 
R g _12 values (Rf sample / Rf Cyanocobalamin) were measured by applying a spot of 
cyanocobalamin solution to the origin of the plate as the sample. The corrinoid are 
very intensely coloured and can be easily detected visually
2.1.2 Preparation of MP-8:
Cytochrome c horse heart type III, pepsin and trypsin were from Sigma and were 
used as received. MP-8  was prepared by enzymatic digestion of the peptide chain of 
cytochrome c [32, 57] as follows, using a sample previously prepared by Mr. J.L. 
Bachelor as a reference standard for the analysis by HPLC.
200 mg of horse heart cytochrome c and 5 mg of pepsin were dissolved in 2 
ml deionized water and the pH adjusted to 2 with HCl. A 0.02 ml sample was taken 
from the reaction mixture after 15, 30, 60, 120 minutes for analysis by HPLC to 
monitor the reaction. It was found that the first sample gave one main peak for 
cytochrome c. The second sample gave 2 peaks for cytochrome c and MP-11 and
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after that MP-11 was formed with traces of cytochrome c. The second portion of 
pepsin (5 mg) was added as above and the solution was left stirring for two hours. A 
sample was taken after 2 hrs for HPLC analysis. This sample showed that MP-11 
was formed with < 5 % cytochrome c.
The pH of the solution was adjusted to pH 5 by adding dilute NH4 OH. Solid 
ammonium sulphate was then slowly added to the stirred solution on ice until traces 
of cloudiness were observed. Saturated ammonium sulphate was then added 
dropwise to complete the precipitation of the haem-containing material. The 
supernatant was decanted and the solid was drained thoroughly before re dissolving 
in 3 ml of deionized water.
The pH of the solution was adjusted to pH 8.5 using a dilute ammonium 
hydroxide solution and this was incubated at 40 °C for five minutes before the 
addition of trypsin (15 mg). The reaction was sampled at t= 0,15 and 30 min for 
HPLC analysis to follow the formation of MP-8  and it was found that after 30 min 
from the addition of trypsin the main peak for MP-8  and traces of MP-11 and 
cytochrome c were observed but they were separated from each other. It was easy to 
collect MP-8  in an aqueous acetonitrile solution in estimated purity >98% after 
injecting a 0.1-0.4 ml sample in the preparative column. Overnight lyophilization 
yielded a dark brown solid which was stored at 4 °C. The yield was normally about 
30 mg. The following table (2.2) shows the composition of solvents used in the case 
of preparative HPLC
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Table 2.2 Percentage composition of the solvents used for HPLC
time 60%CH3CN H2 0
0 43 57
8 53 47
12 100 0
15 100 0
The final product of pure MP-8 was checked by HPLC (analytical column) and also 
the UV-Vis. spectra as shown in fig. 2.1.
2.1.3: General Reagents:
Most of the chemicals used were analytical grade (BDH, Aldrich, Sigma or Fluka) 
and used without further purification except for some of the heterocyclic and amine 
compounds which were purified by recrystalization or distillation as presented in 
Table 2.3.
Table 2.3 Purifications of some Reagents:
Substance Method
Dimethylamine
Trimethylamine
4-cyanopyridine
4-aminopyridine
2-Methylpyridine
Pyridazine
re crystallised as HCl salt firom CHCI3 [58] 
converted to HCl and crystallised it from methanol [58] 
crystallised from dichloromethane-ethyl ether mixture 
crystallised from ethanol
steam distillation of a boiling solution of the base in 1.2 
equivalent of 2 0  % H2 SO4 . 
distillation at 74 °C & 1 mm/Hg
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Fig. 2.1 The UV-Vis. spectrum of MP-8
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Some of these free bases with high pK such as 4-dhnethylaminopyridine were 
neutralised by HCl or HCIO4  and some of them available as hydrochloride salt such 
as dimethylamine and trimethylamine were neutralised by NaOH to the appropriate 
pH before adding the buffer.
2.1.4 Buffers:
Buffer solutions were used to cover the pH range 1-13 and were prepared 
according to published [59] methods using doubly distilled water. The pH of each 
buffer was checked on a pH meter. The ionic strength was kept constant at 1=0.1 in 
most experiments unless otherwise stated.
The following table (2.4) describes the buffers (all from BDH) used during the 
course of this work:
Table 2.4 List of the Buffers used and corresponding pH ranges:
pH buffer
I-3.5
3.5 -5.5
5.5 -8.5 
8.5-11
II-13
HC1 0 4 -NaC104
HOAc-NaOAc
NaH2 P0 4 -Na2 HP0 4
NaHC0 3 -Na2 C0 3
NaC1 0 4 -Na0 H
The pH was always checked after dissolving the ligands and adjusted if necessary 
with perchloric acid or sodium hydroxide.
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2.2. GENERAL TECHNIQUES AND METHODS:
2.2.1 UV-Visible Spectrophotometry:
The UV-Vis. spectra were recorded, spectrophotometric titration and the kinetic 
studies were carried out on Philips PU8740 or PU8720 spectrophotometer fitted with 
a sample compartment thermostated at 25 °C ±0.2 °C. Chromate [60] was used to 
check the linearity of the instrument in the Soret band region (ca 350 run). A 
holmium glass filter was used to calibrate the wavelength. Usually, 1 cm quartz cell 
was used for this purpose. Also, 4 cm and 0.2 cm cells were used to check the effect 
of the concentration of some compounds as in the case of hydrazine and pyrazine 
with the Fe(III) Porphyrin.
The method used to measure K was to pipette 3 ml corrinoid or porphyrin 
solution of the desired pH and ionic strength into 1 cm quartz cell and record the 
absorbance change at fixed wavelength (overall changes in absorbance) associated 
with injecting known volumes of standard ligand solution into the cell using 25 pL 
Hamilton syringe. After each addition the absorbance was monitored to ensure that 
equilibrium had been reached and all absorbance measurements and ligand 
concentrations were corrected for known dilution effects.
2.2.2 High Performance Liquid Chromatography (HPLC):
A sample of MP-11 or MP-8 (.01 ml) was injected into a Waters C18-bondapak 
reversed-phase HPLC column (3.9 mm x30 cm) linked to a Spectra-Physics SP8700 
gradient system. Monitoring the UV-Vis. absorbance of the eluant was achieved 
using Kontron Instruments (Uvikon 735 LC UV detector), connected to a Linseis 
chart recorder set at 200 mm/hr. Elution of the reaction components was monitored at 
397 nm (Soret band). A flow rate of 1 ml/min was used in the case of the analytical 
column. HPLC grade solvents (60% CHgCN ± 0.1 % trifluoro acetic acid ) and
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water were used. Buffers were continuously degassed by helium. For the preparative 
work and to get a very pure MP-8, a waters C18-bondapak columns (7.8 nun x 30 
cm) was used under the above conditions and the flow rate was 4 ml/min.
2.2.3 pH measurements:
pH measurements were made with a Hanna HIB 417 pH meter and appropriate glass 
electrode. This was calibrated with a BDH buffer between pH 4 and 7.0 or between
7.0 and 10.0 depending on the pH range required. Potentiometric titration was also 
carried out to determine the pK^ of 5-Chloro N-methylimidazole as in chapter 3.
2.2.4 Photolysis:
For quick qualitative experiments, photolysis was achieved by exposing the sample 
to a 60 W tungsten lamp at a distance of ca. 20 cm to avoid excessive heating.
2.4 DETERMINATION OF EQUILIBRIUM AND RATE CONSTANTS: 
Equilibrium constants and rate constants involving the axial ligands of the corrinoid 
and porphyrin were determined spectrophotometrically. All measurements were 
performed in an aqueous solution or aqueous methanolic solution and the reaction of 
the axial ligands and the corrinoid or porphyrin can be represented by the following 
equation:
X-M-OH2  ± Z X-M-Z 4-H2 O
where M is Fe(III) in the case of porphyrin or Co(IIÏ) in the case of corrinoid 
The equilibrium constant is defined by the following equation: 
K=[X-M-Z]/p{-M-OH2][Z] M 'l (1)
The acid dissociation constants can be represented by the following equation 
X-M-OH2  X-M-OH- +H +
Ka=pC-M-OH-][H+]/ [X-M-OH2 ] M (2)
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pKa = -log Ka
Since the water is present in excess, the concentration of water is omitted. Only axial 
ligands are shown and the charge on the corrinoids or poiphyrins ignored. Molarity, 
not activity, is used.
2.4.1 Determination of Stability constant and acid dissociation constant:
Qualitative experiments were carried out to establish whether a simple or 
complex equilibrium occurred (isobestic points), the occurrence of the side reactions 
and the wavelength at which the maximum relative change in absorbance occurred 
with least interference from the ligand. Stability constants have been determined by 
spectrophotometric titration as described in section 2.2.1. The working pH for the 
stability constant determination was controlled by the pK^ of corrinoid or porphyrin 
and the incoming ligands. This pH was chosen such that corrinoid was present as > 
99% aquocorrinoid (pK^ 7.8) and also aquoporphyrin (pK 8.9) when pH < pK^, the 
apparent equilibrium constant was then corrected for the pK of the ligand by using 
the following equation log K = pK^ -Hog K^pp -pH 
K was calculated from the absorbance measurements as follows [46, 51].
If Aj and Aoo correspond to 0% and 100% respectively of the product and if A is the
absorbance at any intermediate stage then:
Ai-A/A-Aoo =K[Z]^
Where n is the number of protons or ligand bind to the metal.
The relationship of log A{-A / A- Aqq versus log [Z]^ gives a straight line whose
slope equals K. To determine pK^, log Aq- A / A-Aqo was plotted against pH and
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this gave a straight line whose slope gave the number of protons, n, (one in all cases) 
involved in the reaction.
2.4.2 Determination of Rate Constants:
Preliminary experiments were carried out firstly on the UV-Visible
spectrophotometer to select the wavelength giving the largest relative absorbance
change in the spectrum. The data of the reaction performed under pseudo-first order 
conditions included the value of Aqo were transferred from the spectrophotometer to
the computer directly. A programme called KINl was used to analyse the data, 
written by Dr. G. J. Buist, Department of Chemistry, University of Surrey. A 
weighted least squares treatment was applied to the data and the standard deviation 
of the rate constants calculated. The programme provides a linear plot of In At-Aoo
against time with slope = k and the standard deviation.
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3.1 INTRODUCTION:
For the reasons given in section 1.3 we have chosen MP-8 as a model cofactor 
for the haemoproteins, soluble in water and suitable for developing our knowledge of 
the coordination chemistry of Fe(III) porphyrins. MP-8 contains the Imidazole 
group of Histidine (His) in the octapeptide side chain as one axial ligand and water as 
the other (see fig. 1.5). It offers an excellent opportunity to determine values of the 
single step binding constant K, since one axial site is usually occupied by a ligand 
which is not readily substituted because of a relatively high binding constant, while 
the other site is coordinated by water which is weakly held and kinetically labile. 
Spectrophotometric titration of monomeric MP-8  identified three reversible and 
concentration independent pK’s which were ascribed to protonation and displacement 
of His from coordination (pKj 4.4), ionisation of coordinated H2 O to give HO" 
complex (pK2  8.9) and loss of a proton from His to give the imidazolate complex 
(pK3 10.5), respectively [31].
The wide range of nitrogenous bases ( both aliphatic amines and 
heterocycles) available as potential ligands offers the opportunity to probe the role 
of factors such as basicity, a- effect, steric effect and donor acceptor interaction in 
determining the magnitude of the equilibrium constants K= [M-B]/[M-0 H2 ][B] for 
substitution of the coordinated H2 O by the nitrogenous base (B) according to the 
generalised reaction.
M ^0H 2 + B ^  M^B ^H20  (1)
We have now selected three families of nitrogenous bases to include those 
where the donor atom may be sp^- hybridised (aliphatic amine) or sp^-hybridised 
(both six-membered py's and the five-membered ImH and other azoles). Basicity 
effects and the a-effect are discussed in 3.1.1 and 3.1.2. Steric effects (e.g. reduction
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in log K through branching in the amines or 2-substitution in heterocycles) is too 
well known to require further comment. Donor acceptor (DA) interactions in Fe 
porphyrins including MP-8  have been discussed in a recent publication [61]; 
complications due to DA interactions probably do not arise with the ligands to be 
studied here with Fe(III) MP-8 ,
The 5-membered azoles have probably been the least studied by coordination 
chemists, but are of great interest to bio-inorganic chemists because for the imidazole 
group of Histidine occurs as a ligand in most of the known haemoproteins [62]. 
Interest in 5-membered heterocycles has been further stimulated by the success of 
many agricultural and medical fungicides, which inhibit steroid synthesis by acting 
as ligands to the Fe(III) Porphyrin in certain P-450 enzymes [63, 64]; although these 
fungicides include examples of alkyl amines and substituted pyridines, the most 
successful are all based on ImH and 1,2,4- triazole (TrH) [65]. The 5-membered 
azoles are, however, potentially of interest to coordination chemists in providing the 
means to link studies on the metal-binding properties of nitrogenous bases with the 
rapidly accumulating information (both experimental determinations and theoretical 
analysis) on the proton affinities in the gas phase [66  -6 8 ], in aqueous solution and 
aprotic solvents [69 -72] and on their H-bonding capacities [73]. Taft and co-workers 
[67] commented in 1988 that substituted Py's had been the main subject of such 
studies during the previous decade but "it is foreseeable that in the next decade 
azoles will replace Py's as substrates in these investigations".
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3.1.1 Basicity or inductive effects:
logK=a.pK +b ........................  (2)
Basicity or inductive effects have tended to be studied with substituted 
pyridines excluding those likely to exhibit marked steric hindiance, e.g. 2 -substituted 
pyridines. The value of log K generally increases with the basicity (pK) of the 
pyridine or amine according to the general equation (2 ) [2 ], to provide a base line of 
simple inductive or basicity effects against which to assess other effects; the steric 
effect, for example, reduces the values of log K below this base line. Such 
relationships were first established for the Ag"*" ion in aqueous solution with a 
limited range of Py's in 1948 [1 ].
Brown and co-workers were the first in 1972 [74] to use primary amines with 
a wide range of pK's (5.68- 10.8) to study the basicity effect. They studied the 
equilibrium constants of primary amines (trifluoroethylamine, pK= 5.68; dimethoxy 
ethylamine, pK= 8.72; methoxyethylamine, pK= 9.68; methoxypropylamine, pK= 
10.33 and propylamine, pK 10.8) with methoxyaquocobaloxime at 25 °C, 1= 1.0 M, 
as well as the 4-substituted pyridines with a range of pK from 2.24 (4-CN-Py) to 9.4 
(4-NH2"Py). No such "probe" ligands have yet been established for studying basicity 
effects in the 5-membered azoles (see below) and the validity of equation (2) has not 
been properly tested for the azoles.
The equilibrium constant for the substitution of coordinated H2 O by NH3 in 
the monomeric Fe(III) haem-octapeptide MP-8  has been determined spectrophoto- 
metrically in 20% aqueous MeOH, I = 0.1 M at 25 °C from the pH dependence of 
the apparent binding constant over the range of pH 7-10 as 2.21 xlO^ M’  ^ (log K 
3.34 + 0.03). Variation of the spectrum of the NH3 complex in aqueous solution over 
the range pH 9-13 revealed a second equilibrium with pK 11.9 involving one proton.
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which was ascribed to ionisation of the imidazole ring of the trans-histidine ligand to 
give the coordinated imidazolate (Im") [75]. Equilibrium constants have also been 
reported for a series of amino acids, py and ImH with MP-8  [61, 75].
To establish the basicity effect for imidazole, a series of imidazole 
derivatives are required which are available commercially and offer both a sufficient 
range of pK and the absence of steric hindrance to coordination (i.e. substitution only 
in the 4- or 5- position). The only attempt to compare a range of substituted 
Imidazole with Py's and alkyl amine appears to be that of Walker [76, 77]. She 
determined the equilibrium constants and free energy of formation of a series 1:1 
complexes between ImH derivatives (pK range 3.6 -7.2 for N-AcTmH, 5-Cl.N- 
MelmH, ImH, N-Melm) and Py's with a, p, y, ô tetra(p-methoxyphenyl) porphinato 
cobalt(II) in toluene by spectral methods. In another paper. Walker reported values of 
log p2  for equilibrium P.Fe^"^ Cl" +2 B = [P.Fe '^*‘B2 ]'*'Cl" in CHCI3 where P is a 
Porphyrin (in most cases tetra phenyl Porphyrin). The relation between log P2  (in 
CHCI3 ) against pK^ (in H2 O) for the 8 bases with no steric hindrance suggested the 
existence of 3 classes with comparable values of a =0.8 and value of b decreasing 
from +0.74 for 3 ImH's with free N-H to the value -3.2 for 2 ImH's with N-Me to -4.5 
for 3 Py's. The higher value of log P2  for the N-H ImH's was ascribed to 
"stabilisation of the product ion-pair which is more easily accomplished when the 
amine is an N-H imidazole". If N-Ac-ImH (pK 3.6), is excluded which is in essence 
an vinylogous amide and may not be directly comparable (see Discussion), Walker 
was restricted to the narrow range of 2.6 pK unit from 5-Cl-N-Me-ImH (pK =4.75) to 
N-Me-ImH (pK =7.33). The readily available 4 -N0 2 -ImH is potentially of interest, 
but equilibrium studies are difficult because of its limited solubility in H2 O [78]. The 
electron -withdrawing nitro substituent significantly decreases the pK (pK^ y -0 .2  and 
pKa 9.2 in mixed H2 O-DMF) [79, 80] and increases its Ti-acceptor capacity towards
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metal ions in low valencies; complexes have been reported with Fe (III) porphyrin 
metmyoglobin [81], the Co(III) pentammine [82] and Fe pentacyanides [83] in 
oxidation state from Fe(III) down to Fe(I). To test whether 5-membered heterocycles 
obey equation (2 ) and form a class distinct from the 6 -membered heterocycles there 
is clearly a need to determine values of the single-step log Kj in aqueous solution 
with bases offering a wide range of pK's together with an ion such as Fe(III) where tt 
-bonding from metal to ligand can probably be ignored.
Sufficient evidence is, however, now available on Py's, azoles and azolate 
anions from the analysis of proton affinities in the gas phase, in aqueous solution [69 
-71] and in aprotic solvents and of catalytic activity in ester hydrolysis [84] to 
suggest that, with the notable exception of the 1,2 diazole pyrazole (II), the other 
azoles can be treated as a single family with the additional N atom considered as 
substituents and the azolate anions as bases of a similar nature whose strength and 
catalytic activity are independent of charge and related simply to the pK. We have 
therefore focused attention on ImH, 1,2,4-TrH and their anions as well as N-Me-ImH 
and 5-Cl-N-Me-ImH have included N-Ac-ImH for comparison with Walker's data 
[76]; all these are commercially available. X-ray analysis of solids has shown that 
TrH is protonated on N4 and coordinated viaN4 in three complexes studied [85 -87] 
, but there appears to be no direct evidence for the site of protonation or coordination 
in solution and no evidence for the site of coordination of the Tr" anion.
3.1.2 The a-effect:
In their 1962 review of the kinetic reactivity of nucleophiles (including ligands in 
metal complexes) Edwards and Pearson [88 ] were able to explain the observed order 
of reactivity on the basis of three factors, viz. basicity, polarisability and the " a - 
effect", the term given to the excess reactivity (above the expected from basicity
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alone) exhibited by reagents where the donor atom is attached directly to an 
electronegative atom binding one or more lone pairs of electrons as in RO2 ", CIO", 
NH2NH2 , NH2 OH and their derivatives. Other examples such as the pyridazine 
were discovered later [89, 90]. Though usually considered as a kinetic phenomenon 
(e.g. as a nucleophile in the catalysed hydrolysis of esters), the a-effect can also 
observed as a thermodynamic phenomenon (e.g. in equilibrium constants for H-bond 
formation ) [73]. Many such potentially "a-effective" ligands are of interest to bio­
inorganic chemists in general (O2 , O2 ", H2 O2 , H0 2 “, NH2 OH in NO2 " reduction) 
but Edwards and Pearson [88] were unable to find any examples of an a-effect in 
published rates of ligand substitutions. In 1984 Taube [91] suggested that some of 
the anomalies observed for coordinated O2 " " may be traceable to the a-effect 
exerted in equilibrium behaviour" and noted that "little systematic work has been 
done with ligands of this kind". We have been unable to find any test or search for 
the occurrence of the a-effect in metal complexes since that date, thought in 1983 
Olabe and Gentil [92] had noted a 3-fold slower rate of loss of NH2NH2  compared 
to the more basic NH2 CH2 CH2NH2  from the complex [Fe3 (CN)5B]^"; they 
suggested this might indicate a special stabilisation of the Fe-NH2NH2  bond through 
operation of the a-effect, but did not investigate this further.
We have therefore been particularly interested in testing for a possible increase 
in log K which might reflect operation of the a-effect with the ligands NH2NH2 , 
NH2 OH ( compared to alkyl amines) and the 1,2 -diazine pyridazine (compared to the 
1,3- and 1,4-diazines and 4-substituted Py's).
3.1.3 Aims of this chapter:
The specific aims of this chapter are, through the determination of equilibrium 
constants K for the substitution of coordinated H2 O in MP-8 by a range of N-bases 
belonging to the three given families, to:
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(i) Find a set of readily available azoles which can be used as "probes" for basicity 
effects in the 5-membered heterocycles.
(ii) Test the validity of equation (2) and determine values of (a &b) for each of the 
three families, hence provide the "base-line" which can serve to test for steric effects 
and the a-effect.
(iii) Compare the values of (a & b) for the three families as ligands to Fe(III) and 
using published data, as acceptors in H-bonding, in order to identify or exclude some 
of the factors which serve to distinguish the three families and may explain the 
selection of His ( i.e. ImH) over Lys (i.e. NHg or CH3NH2 ) as the ligand of 
preference for haemoproteins.
(iv) Check the occurrence of the so called a-effect in the case of some compounds 
containing adjacent N and/or O atoms such as pyridazine, NH2 OH and NH2NH2 .
(v) Study the steric effect in the case of a  and p branching in the amines and 2 - 
substitution in pyridine.
3.2 EXPERIMENTAL:
3.2.1 Determination of Equilibrium Constants K:
The equilibrium constants for the substitution of coordinated water in MP-8
by nitrogenous bases were studied at 25 °C, I ca.0.1 mol dm"^ in 20 % aqueous
methanol in order to suppress dimérisation of the starting MP-8  [30, 31]. The
spectrophotometric titrations were carried out with 1 cm cell path length except
otherwise stated, containing 5 p mol dm"^ solution of MP-8 . The titration was
carried out by following the absorbance at 397 nm (Soret band of the initial MP-8).
Analysis of the experimental data were used to derive the value of K^yg by plotting 
the relation between log [base] against log Aj- A^ /A^ -Aqq and to establish the
stoichiometry of the reaction.
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3.2.2 Determination of pK^ (ionisation of coordinated ligand)
Successive additions of aqueous NaOH were added to a solution of MP-8  (2 p 
M in 20 % methanol ) maintained at 25 °C in a circulating water bath. The MP-8 
solution contained 0,2 M phosphate solution (I ca.0.1 M mol dm"^) and ca. 0.5-1 M 
base (complete formation of MP8-base). A pH electrode was kept immersed in the 
solution, which was stirred continuously. After equilibration the pH of the solution 
was measured following each successive addition of aqueous NaOH. A stable 
absorbance reading was always obtained within 30 seconds. The reading of the 
absorbance (corrected for dilution) at a fixed wavelength was thus determined as a 
function of pH. Scanning spectra (300-600 nm) were recorded at a regular intervals 
during the titration. The final overall volume change was always less than 1% of the 
starting volume.
pKc values were determined by plotting log [MH]/[M"] against pH, where MH 
and M" are the protonated and deprotonated forms of the complex respectively 
obtained directly from the measured absorbance change. The slope of the line is 
equal to the number of ionising protons whilst the intercept gives the pK^,
We can calculate the value of log Kg" for coordination of the anionic Tri" and 
Im" ( here denoted by B") indirectly from an experimentally determined value of pK^ 
for ionisation of the coordinated neutral base BH° to coordinated B" by using the 
following relationship:
[Fe-B]- [Fe-BH°] [BH°] [Fe-B'l [H+]
K g - =  ------------------ =    X  X ---------------------
[Fe-0H2][B-] [Fe-0H2][BH‘^ ] [B][H+] [Fe-BH"]
log Kb - = log Kb h  + pKa - pKg .....................   (3)
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where log K g y  refers to the equilibrium constant for coordination of the parent BH 
and pKa for deprotonation of the free base.
3.2,3 Determination of pK^ of 5-chloro N-Methylimidazole
The pKa of 5-Cl-N-MeImH was determined potentiometrically by titrating 50 ml 
(5x10“3 M) 5-Cl-N-Me-ImH, 1= 0.1 M NaClO^ with 0.1 M NaOH at 25 ®C. An auto 
burette interfaced to a microprocessor model Hanna HIB417 in conjunction with a 
pH M82 potentiometer and pH combination electrode was used. The solution was 
stirred using a magnetic stirrer. The alkaline solution was standardised against 
standard HCl. The titration was carried out by following the change in pH on adding 
NaOH. One inflection point was obtained by plotting the relation between the pH 
and the concentration of NaOH added. The protonation constant of the 5-Cl-N- 
MeTmH was calculated by analysing the data using a MINI QUAD [93] programme. 
The pK =5.14 ±0.02.
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3.3 RESULTS AND DISCUSSION-
3.3.1 Coordination of MP-8 by amine derivatives:
Preliminary experiments were carried out by scanning the spectrum over the 
range 300-600 nm after adding increasing amounts of the amines into MP-8  to check 
for the occurrence of isobestic points and the location of the Soret band of the 
product. The values of absorbance A at fixed wavelength (usually Soret band of the 
initial or final species) were recorded (after correction for dilution) for analysis.
All the amines gave similar spectra with a sharp Soret band ca 304 nm 
(lower than MP-8  itself), with a shoulder ca 350 nm and a much lower band around 
520 nm, as shown in fig. 3.1.a in the case of p-aminopropionitrile (as example of the 
amines used) and in fig. 3.1.b for hydrazine (as a example of the compound 
containing 1,2 dinitrogen adjacent to each other). It is clear that there is no difference 
in the spectra between a and b.
Reasonable to good isobestic points were observed ca 400 nm and the reaction 
could be reversed by acidification. No side reaction was observed under the 
conditions used, even with the potentially strong reducing agents, such as hydrazine 
and hydi'oxyl amine. The possibility that any of the amine-containing products with 
typical spectra could be dimers was tested and excluded in the case of NH2NH2 , 
which could in principle use each NH2  group to coordinate to a different Fe and 
hence stabilise the dimer. The coordination of NH2NH2  was therefore studied with 
three concentrations of Fe (duplicate), using 17.6, 3.0, .8 pM Fe in 0.2, 1 and 4 cm 
path length cell respectively. In the first case (highest concentration), the spectrum of 
the product differed in showing a higher shoulder ca 360 nm, which suggests some
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Figure 3.1a: The UV-Vis. spectra of the titration of MP-8 with P-aminopropionitrile
s
nm
Figure 3.1b: The UV-Vis, spectra of the titiation of MP-8 with hydrazine
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aggregation. The second and third concentrations, however, both gave identical final 
spectra and identical values of log K (viz. 3.8 ± 0.1), indicating no dimerization. We 
assume that all the other amine-containing products with similar spectra are also 
monomeric. It was assumed that the pK^'s were not significantly affected by the 
presence of 2 0  % methanol used in this experiment.
The main problem concerned the choice of pH for the quantitative titration. MP-8 
is present in a form with His and H2 O as the axial ligands from pH 4.5 (protonation 
and displacement of His to give the di-aquo complex) to pH 8.9 (formation of the 
His-HO" complex) [31]. Amines with pK^ 8.5 offer few problems and values were 
obtained at pH 6.0. The higher the pK of the base, the more kobs will be depressed 
and the error increased by competition from protonation of the base and/or 
conversion to the hydroxo complex.
A test was made to check the possible role of impurities in the case of NHMe2 , 
where the value might be affected by the presence of NH2Me with a very different 
value of log K (see Table 3.1), by comparing purified and "as-received" samples; no 
significant differences were detected. From the simple and self-consistent pattern of 
log K observed it was concluded that no serious problems were caused by impurities 
and all the other bases were used as received.
Plotting the relation between the absorbance at 397 nm and the concentration of 
free base added gives a hyperbolic curve as shown in fig. 3.2 in the case of p- 
aminopropionitrile. A good linear plot with slope « 1 was obtained by plotting the 
relation between log Aj-Ax/Ax-Aoo against log free [base] as shown in fig. 3.3.
Analysis of the change in absorbance at 397 nm (Soret band of the initial MP-8) 
established the stoichiometry of 1 B per Fe. At least duplicate experiments in 20 %
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Figure 3.3: The log-log plot of the titration of MP-8  with P-aminopropionitrile
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methanol have been carried out in buffer solution pH 6.5, i.e. below the pK (8.9) for 
the formation of the hydroxo complex.
The values of log K for the coordination of the amines determined during the 
course of this work, together with those for NH3 and the amino acids which have 
been determined by Byfield [61,75], are listed in Table 3.1.
The values of log K are plotted against the pKs for most of the amine studied as 
shown in fig. 3.4. The following three factors can be discussed in the light of fig. 3.4.
(1) Basicity
The points from 1-6 in fig 3.4 represent the primary aliphatic amines and are used 
to establish the "base line" of basicity effect, together with the simplest amino acid 
Gly taken from published data [61]. Since Gly lies on the line within experimental 
error, it has been concluded that the terminal -COO" has no significant effect on log 
K and that the amino acids can, subject to the change in conformation on 
coordination, be compared directly with the base line.
This series of amines gives a base line representing the relation log K = 
0.43pK -0.5, i.e. a =0.43, b= -0.5; the values of a and b will be discussed later with a 
comparison between the other values in the case of Py's and ImH. This figure shows 
also that NH2 CH2 CF3 falls significantly (by ca 0.5) below the line; because of the 
large bulk of the CF3 group and possible minor steric hindrance together with the 
possibility of unusual interactions between the C-F bonds and water, it seems 
reasonable to discount this point in constructing the linear relationship of equation
(2).
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Table 3.1
Equilibrium Constants (K) for the substitution of coordinated 
H2O in MP-8 by substituted amines
ligand p K  a log Kb
NH2 CH2 CN 5.3 1.7
NH2 CH2 CF3 5.7 1.3
NH2 CH2 CH2 CN 7.7 2.9
NH2 CH2 CH2 Br 8.49 3.2
NH3C 9.25 3.34
NH2Me 10.62 4.0
NHMe2 10.64 2.7
NMe3 9.76 ca 0
NH2 CH2 Me (NH2Et) 10.63 3.65
NH2 CHMe2 ( N H 2P r i ) 10.63 1.5
NH2 CM63 (NH2 Bu^ 10.55 <0.5
NH2 CH2 COO- d Gly 9.6 3.46
N H 2N H 2 8.12 3.8
NH2 OH 5.96 2.7
(a) data from reference 96
(b) all values of log K ± 0,1 or better except for NH2Pr^  ± 0.2, NMeg and NH2 Bu .^
(c) data from reference 75
(d) data from reference 61
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Figure 3.4: Plot of log K for coordination versus pK^ in the case of amines with MP-8  
Data from Table 3.1 page 45 
Points 1 -6  demonstrate the base line
□ These points show the steric effect in the case of a- and p- branching
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(ii) Steric effects:
Comparison of the results for NH3 and alkyl amines, where the pK's do 
not vary greatly, shows that the value of log K is hardly affected by the successive 
addition of Me groups in a linear chain (NH3 ~NH2 CH3 ~ NH2 CH2 CH3 ) but is 
significantly reduced by the introduction of branching or lateral Me groups into 
either the coordinated N^c (NH2Me >NHMe2  > NMe3) or the neighbouring Cp
atoms (NH2 CH2 Me > NH2 CHMe2  >NH2 CMe3). It should be noted that 
interpreting any observed effects of alkyl substitution is not as straightforward as 
often assumed, because they represent the resultant of different changes in inductive, 
polarisability and solvation as well as steric effects; it does, however, appear that any 
observed effects of p-substitution are more likely to represent clear cut cases of steric 
effects than the effect of a-substitution [94].
(iii) The a-effect
Hydrazine and hydroxyl amine, both founder members of the class of compounds 
known to exhibit the a-effect [8 8], show a value of log K ca. one greater than 
expected on the basis of their pK's (fig. 3.4); cf. the similar increases (over that 
expected fi-om the appropriate "base-line") which have been reported in log K for 
catalysed ester hydrolysis (1.0 with pyridazine [89] and 1-2 with hydrazine [95]) and 
in log K for H-bonding ( ca 0.6 with pyridazine [73], no data available for hydrazine 
or hydroxyl amine). So, we conclude that for both hydrazine and hydroxyl amine 
with Fe(III), the value of log K is enhanced by operation of the so-called a-effect due 
to the presence of a second electronegative atom with one or more lone pairs of 
electrons in the p-position.
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3.3.2 Coordination of MP-8 by Pyridine derivatives and diazines:
Table 3.2 shows the position of the Soret band of MP-8  with Py and Py 
derivatives at pH 6.5-8 in 20 % methanol (v/v). Reasonable to good isobestic points 
at ca 400 nm and ca 340 nm were observed as shown in fig. 3.5 in the case of 4- 
MePy as an example.
Analysis of the absorbance at 397 nm (log-log plot) indicates that one base is 
required per Fe atom since the slope of the straight line is 1 as shown in fig. 3.6 in 
the case of 4-MePy. The values of log K obtained are given in Table 3.2. Plotting 
values of log K vs. pK give a good linear plot as shown in fig. 3.7, except for 2- 
MePy and pyridazine. The following factors can be discussed in the light of fig. 3.7
(i) Basicity Effects
Fig. 3.7 shows a remarkably simple pattern in all bases. Except for pyridazine and 
2-MePyridine a reasonably linear relationship exists between log K and pK. The 
relationship (2) is, therefore ,obeyed by Py's with Fe(III) Porphyrin, in contrast to the 
results previously reported for Fe(II) porphyrins [ 97 -99]. This is understandable, 
since the complications due to 7c- back-bonding and the formation of D-A adduct are 
less with Fe(III) porphyrins. The best values of a and b in equation (2) depend on the 
weight given to 4 -Me2N-Py (uppermost point). It is, however known that this 
derivative shows a slightly anomalous behaviour in, and has therefore been excluded 
from, other LFERs[100]. Excluding this last point a linear relationship was obtained 
representing the equation log K = 0.38 pK + 0.8 as shown in fig. 3.7. Within 
experimental error, this relationship also includes the 1,3 and 1,4-diazines Pmd and 
pyz.
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Figure 3.5: The UV-Vis. spectra of the titration of MP-8  with 4 -Methylpyridine.
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Figure 3.6: The log-log plot ofthe titration ofMP-8 with 4-Methylpyridine
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Figure 3.7: Plot of log K for coordination versus pK^ in the case of pyridines and 
diazines with MP-8
Data from Table 3.2 page 52
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(ii) Steric Effect
The value of log K ^1 (but probably 0) calculated for 2-Me-Py indicates that the 
steric hindrance has suppressed log K by ^  (most probably by 3) below the "base­
line". This is comparable to the suppression by > 3 below the "base-line" of the sp3 
amines by NH2 Bu  ^where steric repulsion should be similar.
(iii) The a-effect
Fig. 3.7 shows that the value of log K for Pdz is ca.0.7 above that expected from 
the base-line of the Py's and other diazines. As in the case of enhanced nucleophilic 
reactivity [ 89, 90] and H-bonding capacity [73], the enhanced log K of Pdz is 
ascribed to operation of the so called a-effect.
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Table 3*2
Equilibrium Constants (K) for the substitution of Coordinated 
H2O in MP-8 by Substituted Py's and diazines.
Ligand Free base 
pK.a
product
logK^ /dm3.mol"l
4-CN-Py 1.9 1.4 403
Py 5.17 2.65,2 .73c 404,4 0 3 .5 c
4-CHg-Py 6.02 2.8 405
4-NH2"Py 9.11 4.17 406
4-Me2N-Py 9.76 4.58 407
2-CH3-Py 5.97 ^+1
Pyridazine 2.33 2.25 404.5
Pyrimidine 1.10 1.3 403
Pyrazine 0.37 1.1 403
a Values of pK taken from ref. [96] except 4-Me2N-Py from ref. [101] 
b All values of log K ± 0.1 or better except for pyrazine and 4-CN-Py (± 0.2) 
c Value from ref.75 
d Values ± 0.3 nm
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3.3.3 Coordination of MP-8 by Imidazole derivatives and Azoles:
Preliminary experiments, scanning the spectrum over the range 300- 600 nm, 
showed that at pH 6.5 -8  all the neutral bases listed (except 4 -N0 2 -ImH) react 
rapidly with MP-8 and without any obvious complications or anomalies, which 
might reflect side reactions or overlapping equilibria. The equilibria were established 
instantaneously. In the case of 4 -N0 2 -ImH allowing a solution of MP-8  to stand in 
contact with an excess of the relatively insoluble solid product no detectable 
formation of any new complex at pH 6  even after 4 hours, but pH 9.5 (i.e. above the 
pKg) sufficient of the base dissolved to produce a complex characterised by a 
prominent maximum at 530 nm with a shoulder ca 555 nm (cf. the band at 526 and 
shoulder at ca 555 nm in the complex with NH3), which probably represents the 
complex with the anionic form of the ligand. The Soret band region was obscured by 
background absorption, due to the ligand anion. It proved difficult to obtain any 
reliable value of the binding constant K.
The equilibrium constants (K) for the substitution of coordinated H2 O in MP-8  
by the uncharged BH° and also some of the B" such as Im" and Tr" were determined 
by UV-Vis. spectrophotometry. At least duplicate experiments in 20 % methanol 
containing 0.2 M phosphate buffer pH 8.0 (for ImH and N-Me-ImH) or 6.5 (others). 
In each case equilibria were established instantaneously, isobestic points were 
observed at ca 330 and 400 nm and the product had X-max =404 nm as shown in fig. 
3.8 (a & b) in the case of ImH and TrH. Analysis of the data corresponded to the 
binding of 1 BH per Fe; this is obtained from the log-log plot as shown in fig. 3.9 (a 
&b) in the case of ImH and TrH.
Preliminary experiments were carried out by scanning the UV-Vis. spectra of 
MP8 -ImH or MP8-TrH after adding NaOH. It was found that the Xmax shifted from
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§Figure 3.8 a: The UV-Vis spectra of the titration of MP-8 with Imidazole
Figure 3.8 b: The U V - V i s .  spectra ofthe titration of MP-8 withTnazole
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Figure 3,9 b: The log-log plot of the titration of MP-8 with Triazole
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404 to 407 run when the T ror Im" were coordinated with MP-8 and isobestic points 
were observed. Values of log Kg" for the coordination of Im" and Tr" can be 
obtained indirectly via equation (3) by determining pK^ for ionisation of the 
coordinated BH to B"(by titrating MP8-ImH or MP8-TrH by NaOH and following 
the A4 0 7  with the pH as shown in fig 3.10 in case of Tr", see section 3.2), together 
with log KgH for the uncharged BH® and the acid dissociation constant (pK^) of the 
free base BH. The log-log plots in the case of Im" and Tr" gave a good straight line 
with slope 2^1 as shown in fig 3.11 in the case of Tr".
The values of equilibrium constants (K) obtained in the case of ImH and 
other azoles are given in Table 3.3.
Fig. 3.12 (c) shows the relationship between log K (for coordination) and pK of the 
ligand (protonation of the free base, Table 3.3). The six points exhibit a reasonable 
linear rise in log K with pK, with N-acetyl-ImH ca. 0.5 above the line. The three 
bases N-acetyl-ImH, 5-Cl-N-Me-ImH and ImH occupy similar relative positions in 
the plots of equation (2) both for Walker's Co(II) Porphyrin in toluene [76], and our 
Fe(III) in water. This suggests that the anomalously high log K for N-acetyl-ImH 
may reflect additional features of the N-CO-CH3 group which are not present in 
other substituents such as the N-CH3 group, e.g. conjugation with the 7t-electrons of 
the ImH ring, addition of H2 O to form N-C(OH)2 “CH3 ( cf. ref. 102). We therefore 
ignore this ligand for the purpose of establishing equation (2) for the azoles.
The possibility of the azoles acting as a bridging ligand in a binuclear complex 
is clearly impossible in the case of the two N-methylated ligands and was 
experimentally excluded in the case of TrH and Tr". Because of the regular pattern 
observed, it is assumed not to occur with the other ligands. The proximal charge 
effect of the terminal CysNH3 ’^  group (pK ca 10) in the side chain may act to 
stabilise any coordinated anion formed below pH 10 [75], i.e. Tr" (pK^ =8) but not
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Figure 3.10: The pH-titration curve for the MP8-triazole complex with NaOH.
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Figure 3.11: The log-log plot of the pH titration of MP-8  with triazole
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Figure 3.12: Plot of log K for coordination versus pK^ in the case 5- # , 6 -membered 
heterocyclic compounds w and amines A. with MP-8 
Data for (a) from Table 3.1 page 45 (amines), (b) from Table 3.2 
page 52 (Py's) and (c) from Table 3.3 page 60 (ImH's)
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Im" (pKq ca, 12), and should be discounted when comparing Tr" with the other 
ligands; this stabilisation is assumed to be less than the 0.9 pK units observed [103] 
for the histamine complex of the Co(lll) cyanocobinamide in aqueous solution 
(which appears to have an effective charge similar to that of MP-8) and is rather 
arbitrarily taken as 0.5.
The straight lines (fig, 3.12c) obey the linear relationship (log K = a.pK +b) 
for over 12 pK units, which justifies tieating the various azoles and azolates as 
member of the same family. This figure demonstrates also that 5- and 6 -membered 
heterocycles and alky lamines form three distinct families when acting as ligands 
(with a = 0.34, 0.36, 0.43 and b = 2.1, 0.8, and -0.5 respectively), as already shown 
when acting as acceptor in H-bonding (a = 0.29, 0.27, 0.37 and b =1.6, 1.1 and -1.1 
respectively ) [73]. The values of (a & b) for coordination and H-bonding show a 
striking parallel for both H-bonding and coordination because the values of (a) 
remain relatively unchanged as between the three families, while the values of b fall 
in the same order. Since neither H-bonding nor the coordination of alkylamines 
involves 7i-bonding, one can conclude that any effects of Ti-bonding in the Fe(lll)-N 
azole or azines interaction are insignificant. Conversely, the most significant factors 
leading to the enhanced binding of ImH (or His) over Py or NH3 (or Lys) are the 
"group-specific factors" which cause separation of three lines in fig. (3.12) while 
differences in basicity play an intermediate role.
It should be noted that none of the values of pK or log K in Table 3.3 have been 
corrected for the so called "statistical factor" [104 -106] which should be applied 
when one of the partners in the equilibrium has two equivalent N atoms ( as in Im", 
the neutral pyrazine or protonated lmH2) and one wishes to compare them on the 
same basis as analogues with only one such N atom. Such a correction would 
increase the pK^ of ImH, decrease the pKa of ImH and the pKy of pyrazine and
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decrease log K for coordination of ImH and the diazines, all by 0.3 (= log 2). These 
corrections have not been applied because they are comparable in magnitude to the 
uncertainties in pK and log K and because of additional uncertainties over the site of 
protonation and coordination (hence number of equivalent sites) in TrH and its anion 
as well as in higher azoles and azolates
Table 3.3
Equilibrium constants (K) for the substitution of H2O 
in MP-8 by azoles and azolate ions
Ligand pK of free base log K7 dm^.mol"^
1,2,4-Triazole (TrH) 2 .3 a 2.9 ±0.1
N-Acetyl-lmidazole (N-Ac-lmH) 3.6b 3.8 ±0.1
5-Cl-N-Me.lmidazole 5 .1c 3.9 ±0.05
Imidazole (ImH) 7.ld 4.38 ± 0 .0 5 e
N-Me-lmidazole (N-Me-lmH) 7.2f 4.55 ± 0.05
Triazolate (Tr") lO.lg 5.3 ±0.5
Imidazolate (Im") 1 4 .3b 6.75 ±0.5
(a) cf. pK's of 2.27 in H2 O [107], 2.28 in 28.5 aq. ethanol [84], 2.45 (H2 O) [109]
(b) Ref. 110
(c) this work, cf. reported pK of 4.75 [80], 5.45 [76]
(d) Ref. 67, 111
(e) cf. previous log K 4.45 [31]
(f)Ref. 108,4.12,113 
(g)Ref. 84, 107, 114
(h) Ref. I l l
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3.4 COMPARISON OF THE THREE SERIES OF BASES:
All the products of nitrogenous bases and MP-8 show spectra typical of a 
low-spin complex, the main Soret band is situated at 404-5 nm with the neutral 
azoles (cf. simple primary amines 403-4 nm, most py's and diazines 403-5 nm) and at 
407 nm with two azolate ions (cf. amines possessing a benzene or indole ring in the 
side-chain 405.5 - 406 nm, 4 -NH2 - and 4-Me2N-Py 406-7 nm). The similarity 
in X,jjiax and in the general shape of the spectrum suggests a general similarity in the 
nature of the Fe-N bond in all three series, which allows direct comparisons to be 
made from the values of log K. Less attention was paid to the broader and far less 
intense bands in the visible region; the higher concentrations required for their 
characterisation would have promoted aggregation, at least of the starting aquo 
complex, or required the use of a solvent with lower water content.
Three different series of nitrogenous bases have been studied with MP-8. These 
series are characterised by a wide range of pK's to study the basicity ( in the case of 
amine, pK 5.3 -10.6; 6-membered heterocycles, pK from 1.9 to 9.76; 5-membered 
heterocycles, pK from 2.3 to 14.3; see appendix 1 for a list of these compounds and 
their pK values). Plotting the relation between pK and log K established a base-line 
in each of these three series with MP-8. This confirms the validity of the general 
equation log K = a.pK +b in all the cases of the nitrogenous bases used during the 
course of this work. As already mentioned in the Introduction, a base line for primary 
amines and 6-membered heterocyclic compounds has been found in some cases such 
as of Co(ll) Porphyrin and Ag"*" but this is the first report for any metal ion of a base 
line for 5-membered heterocyclic compounds with a wide range ~ 12 pK unit.
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The three base lines established in the case of the three series of nitrogenous 
base are approximately parallel to each other. The slope of these straight lines (a) are 
similar (0.34, 0.36, 0.43) but the intercept (b) falls (2.1, 0.8, -0.5) in the order 5- 
membered >6-membered heterocyclic compounds > amines respectively. Therefore, 
there is a difference between the base line of 5-membered heterocycles and the base 
line of the 6-membered heterocycles which distinguish the 5-membered and 6- 
membered family from each other.
The data obtained with the nitrogenous bases (especially with 5-membered) 
helps to clarify and quantify some of the electronic factors which may explain the 
selection of His over Lys as the preferred ligand for haemoproteins. The data has 
highlighted the previously unsuspected "group specific" differences between the 5- 
and 6-membered heterocycles which can not be ascribed to differences in Tr-bonding, 
and have established the order of importance of factors which determine the 
preference of Fe(lll) Porphyrin for ImH (or His) over Py and N H 3  (or Lys) as 
"group-specific factors" > basicity > 71-bonding .
Figs 3.4 and 3.7 show the enhancement of log K in the case of NH2 OH, 
NH2NH2  and pyridazine (these compounds contain 1,2 dinitrogen or nitrogen and 
oxygen adjacent to each other) above the base line. This has been ascribed to the so 
called a-effect which has not yet seen in the case of 5-membered ring. The a-effect 
has, therefore, been established for those compounds with Fe(lll) ion in MP-8 at the 
thermodynamic, and not the kinetic level. This is considered the first example which 
shows the operation of the a-effect in metal ligand bonding.
It is known in the coordination chemistry that the value of the equilibrium 
constants decrease due to steric repulsion. The three base lines (fig. 3.12) could
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quantify the decrease arising from steric repulsion. Therefore, we can use the 
established base line to predict the value of log K in the case of sterically hindered 
compounds such as 2-MePy, dimethyl, trimethyl, isopropyl and t- butyl amine.
Table 3.4 shows the expected log K value from the base line and the experimental 
value (determined spectrophotometrically) and A log K due to the steric repulsion.
Table 3.4
Comparison between the expected log K and the 
experimental value for some bulky ligands
Ligand pK log K (exp.) log K(Theoretical) AlogK
2-Me-ImH 7.88a 2.6ia 4.6 2.0
2-Me-P y 5 .9 7 c <lb 3.0 >3.0
NH2Et 10.63C 3 .6 5b 4.0 0.35
NH2Pri 1 0 .6 3 c 1.5b 4.0 2.5
NH2Buf 10 .5 5c <0.5b 4.0 >3.5
NHMe2 10.64C 2 .7b 4.1 1.4
NMeg 9.76C ca ob 3.7 3.7
(a) Ref. 115 (b) this work (c) Ref. 96
The data for amines(sp^) showed that the value of log K decreases in the case 
of a  or p-branching. This effect (steric effect in the case of a  or p-branching) has 
previously been studied with Ag" ,^ HgMe" ,^ Co(III) corrinoids and aquated Ni(II) ion, 
which shows that the d^ Fe(III), d^ Co(III) and d^ Ni(II) ions are all sensitive to p-as 
well as a-substitution, while the larger d^^ Ag"*' and HgMe"*" are not [9^. Whether 
this lack of sensitivity to p-substitution in the last two cases is due to their large size 
and/or disappearance of the filled d^^ shell into the core cannot yet be decided.
63
3.5 SUMMARY AND CONCLUSIONS:
The results obtained in this chapter provide the equilibrium constants for 
more than 25 nitrogenous base representing three different series (primary amines, 
Py's, ImH's and their derivatives) spectrophotometrically at 25 °C. The values of K 
obtained are discussed in terms of the effect of basicity, steric and the so called oc- 
effect. The following points can be made:
(i) Where the steric effect is minimal, base lines were established to show the 
inductive or the basicity effect in the case of Py, ImH , primary amine and their 
derivatives with MP-8. These base lines verify the general relation log K =a.pK +b 
for the first time of 5-membered heterocyclic compounds with any metal and also 
first cases for such relationship for either Fe(II) or Fe(III) Porphyrin. From the base 
lines obtained in the case of Py's and ImH's, and within the experimental error, it was 
found that the triazole behaves as the ImH's and also diazines except pyridazine 
considered in the same family as Py's. The base line in the case of 5-membered 
heterocyclic compounds include the Tr" and Im". This shows that the neutral and 
anion (ImH and TrH) give the same base line.
(ii) The three base lines (fig. 3.12 a,b and c) are approximately parallel, and the 
values of the slope (a) are similar in the case of 5-membered heterocycles, 6- 
membered heterocycles and primary amines but the intercept (b) falls in the order 5- 
membered heterocycles > 6-membered heterocycles > amines. This has been shown 
also when these ligands act as acceptor in H-bonding. There is a striking parallel for 
both H-bonding and coordination. Therefore, there is no sign of 7t-bonding on the 
coordination of Fe(III) to the nitrogenous bases studied in this chapter.
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(iii) The results have highlighted previously unsuspected "group specific" differences 
between the 5- and 6-membered heterocycles which can not be ascribed to 
differences in 7t-bonding, and have established the order of importance of factors 
which determine the preference of Fe(III) Porphyrin for ImH (or His) over Py and 
NH3 (or Lys) as "group-specific factors" > basicity > 71-bonding .
(iv) These results show the enhanced value of log K in the case of hydrazine, 
hydroxyl amine and pyridazine. This was ascribed to the so-called a-effect which is 
established for the first time in coordination chemistry.
(v) The steric effect was studied in the case of a  and (3 branching in the case of 
primary amine, and it was found that the values of log K are decreased by branching 
on either the coordinated or neighbouring Cp atoms. Also, it was found that the
value of log k decreases when Py contains substitutent in position 2 such as 2-Me- 
Py.
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4.1 INTRODUCTION:
4.1.1 Trans Effect:
In order to construct such a linear free energy relationship (LFER) for log 
with different nitrogenous bases as a function of the trans effect, some 
quantitative measure of the cj-donor power of X (e.g. X~Co^Bzm) is required. 
Betterton [21, 51] showed that the plot of log Kg versus log Kqn  (i-®- the log of the 
formation constant for the binding of CN" to corrinoids with various trans ligand X) 
gives a series of roughly lineai- plots for each Z with characteristic slopes and 
intercepts (see fig. 5.11 as an example of this type of plots), log Kc%q was chosen as 
a measure of the a-donor power of X because it is very sensitive indicator (very large 
change in log K value, log K ca.0-16), values of log Kq n  are available for whole 
range of X and also CN" has the minimum steric requirements.
J.Toerien [116] determined the equilibrium constants of NH2 OH, NH2NH2 and 
CH3NH2  with aquocobalamin. He found that the values of log K equal 4.57, 4.7 and 
6.48 for NH2 OH, NH2NH2 and CH3NH2  respectively. This order of stability 
parallels both the inductive pK^ effects of these ligands. These studies were carried 
out in aqueous solution (phosphate buffer 1=0.2 M) and under nitrogen to prevent the 
reduction of Co(III) to Co(II) since NH2 OH and NH2NH2  are considered a reducing 
agent. A LFER for the binding of NH2 OH to various Co(III) X=Bzm, CN and 
CH2= C H - was constructed. The characteristic slope and intercept obtained is in a 
good agreement with that expected for a N-donor ligand. Toerien also determined the 
equilibrium constant of NH2 OH with ACCbi at pH 5.9 and the value of log K was 
ca. 2.36 M"^. In the case of vinylcobinamide, the log K value of NH2 OH was 1.1 2 .
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4.1.2. Steric Aspects:
A large number of equilibrium constants have been determined for the 
substitution of one axial ligand H2 O, by another Z in Co(III) corrinoids by UV-Vis. 
spectrophotometer in aqueous solution. The corrinoids are probably unique in 
providing such a large number of stepwise equilibrium constants (K), as distinct 
from overall equilibrium constants (P).
There are two obvious complications that may be expected due to the stereo 
isomers, the steric interaction between the relatively bulky heterocycles and the 
constrained but slightly flexible surrounding of the coordination sites (will be 
discussed in chapter 5) and the stereo isomers.
Glusker and co-workers [117] have shown that there is variable degree of 
folding (2 -2 2 ° ) on the corrin ring along the Co-Cjq line, thereby providing a 
mechanism for transmitting steric effects from one axial ligand to the other. This 
folding is greater for the cobalamin series which possess the bulky 5,6 dimethyl 
benzimidazole (Bzm) as one axial ligand. The value of log K is reduced in the case of 
some bulky ligands as ImH as a result of the folding in Co-Cjo- This may affect on 
the value of the equilibrium constant and make some complications, (section 4.3.1)
Since the propionamide side chains point downwards (towards the a-side of 
the corrin ring) and all the acetamide side chains point upwards (towards the p-side), 
the two axial ligands are not equivalent and stereo isomers can occur when the axial 
ligands are dissimilar as shown in the case of aquocyanocobinamide NC-C0 -OH2 
[49] to exist as a 1:1 equilibrium mixture of the upper ( or P) and lower (or a) 
isomers. TLC on cellulose showed that there are two spots with equal intensity due 
to the two known stereo isomers of ACCbi.
6 8
Stereo isomeric pairs are known for several classes of corrinoids including 
methyl and ethylcobinamide [2 0 ] but when prepared in aqueous solution, it appears 
to exist almost entirely as the p-isomer. The same is assumed for vinylcobinamide. 
The existence of isomers in the case of ACCbi have been ignored. In these classes of 
compounds, one spot detected in TLC indicates the presence of p-isomer. The 
normal preparative methods give predominantly the upper isomer of the Me, Et and 
vinyl complexes, and a-isomer would probably be non-existent with bulkier alkyl 
ligand. The discussion will be restricted in these cases to the p-isomers with the alkyl 
ligands in the upper position.
4.1.3 Summary of the previous equilibrium constants with N-bases;
Cooley et al (1951) [118] were the first to report that a simple nitrogenous 
base NH3 or histidine could be coordinated by aquocobalamin. Brodie (1969) [119] 
studied the coordination of CH3NH2  and CH3 CH2NH2  with methylcobinamide.
Hill et al (1962) [120] showed that a , p and y-picolines can be coordinated 
by aquocobalamin. The thermodynamic data have been determined by Hanania and 
Irvine (1966) [121] for the formation of ACCbi-Imidazole and for the acid ionisation 
of the imino yN H  group in this complex at 25 °C. The acid ionisation of the non 
bonded amino- NH3’*’ and imino ^ N H  in factor B-histamine have also been 
investigated.
Hayward et al [122] determined the formation constants for the 
substitution of coordinated water in diaquocobinamide by NH3 and imidazole and in 
cyanoaquocobinamide by NH3 , Py, ImH, Bzm and adenine; the last three bases can 
coordinate in the conjugate anion form. It was shown that the log K value for NH3 ,
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Py, ImH, Bzm and Aden with ACCbi were 3.35,2.6, 4.72,2.3 and <1.8 respectively. 
In the case of the conjugate base of ImH, Bzm, Adenine, the pK^ was ca.l 1, 9.5 and 
8.3. They determined the value of log K in the case of ImH and NHg with 
diaquocobinamide and the values of log K were 7.5 for ImH and V9 for NHg.
Brown et al [123] have determined the log k value for Py, 4-Me-Py, 4- 
NH2 "Py and ImH with methylcobinamide in aqueous solution (1 M KCl) 
spectrophotometrically. They found that the values of log K equal 0.86, 1.06, 1.38 
and 0.9 for Py, 4 MePy, 4-NH2Py and ImH respectively.
Pailes and Hogenkamp [124] have found that K (M"^) for ImH, 1-Me-ImH, 
Py with methylcobinamide equal 11,5 and 6  respectively,
4.1.4 Aim of the work in this chapter:
The broad aim of this chapter is to determine the equilibrium constants of the 
three series (Py's, ImH's and primary amines) with corrinoid complexes as a means 
of investigating the properties of the Co-N bond.
The specific aims were to:
(i) Test for the expected steric effects due to interaction of the bulkier heterocyclic 
ligands with the corrin structure when X=Bzm (see section 4.3.1)
(ii) Establish the basicity or inductive effects in the case of Co(III) corrinoids using 
different heterocyclic compounds and amines and verify the general equation 
log K =a.pK +b for X= Me, Vinyl and CN". (see chapter 5 for X=Bzm and H2 O).
(iii) Check the occurrence of so called a-effect in the case of NH2 OH, NH2NH2  and 
Pyridazine.
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(iv) Compare the basicity effects ( including values of a &b) for all 3 series as a 
function of the trans effect.
4.2 EXPERIMENTAL :
The equilibrium constants and the pK values were determined spectrophoto­
metrically as described before in chapters 2 &3.
Qualitative experiments were carried out by scanning the UV-Vis. spectrum 
(300-600 nm) on adding the nitrogenous bases to the corrinoids. The pH of the 
corrinoids was adjusted using a buffer with suitable pH, determined by the pK of the 
nitrogenous base and the pK of the corrinoids. These experiments are important to 
check whether nitrogenous base form a simple or complex equilibrium with 
corrinoids, reversibility of the equilibria and also to determine the suitable 
wavelength to follow the spectrophotometric titrations.
The spectra of the corrinoids were taken before the addition of the nitrogenous 
base and superimposed with the spectra during the titration and after complete 
formation of the nitrogenous base-corrinoid complexes. The titrations were followed 
by taking the absorbance at certain wavelength (usually the Soret band except in the 
case of 4-CN-Py and Pyridazine with Methylcobinamide and Aquocyanocobinamide 
and some other cases such as Tri" and Im" with B%2a» Methyl and Vinylcobinamide 
were carried out using the absorbance of a , (3 region.(see appendix III)
3 mis of comnoid solution 10"^ -10"^ prepared in appropriate buffer solution, 
pH 3.5-5.S (DACbi, Bi2a) aud pH 7-10 (Aquocyano, Vinyl and Methyl cobinamide) 
and ionic strength I ca. 0.1 M were placed in 1 cm quartz spectrophotometric cell
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(unless otherwise stated in the discussion) and thermostated for 10 minutes at 25 °C 
(The experimental conditions are mentioned in appendix III). The corrinoid solution 
was then titrated with the nitrogenous base, which was already prepared in aqueous 
solution (pH near to the pH of the buffer solution containing corrinoids), using a 25 
pi syringe.
The data obtained was analysed and plotted (log-log plot) see section 2-4. 
All the log-log plots except otherwise stated give a good straight line with slope =1 ± 
0.05 -0.1 which indicates that one base is required per Co atom. The intercept of the 
line gives the value of log K and the error in log K values was ±0.05-0.1 except 
where otherwise stated. At least two or three experiments were carried out to make 
sure that the log K value is reproducible.
Some difficulties were encountered as follows:
Methyl and Vinylcobinamide are very light sensitive, therefore these compounds 
were studied in subdued light.
Slight reduction of Co(III) to Co(II) (X= H2 O and CN") was observed at 
higher pH ca.8  in the case of NH2 OH and NH2NH2  since both can act as reducing 
agents. To get rid of this problem, the equilibrium constant determinations were 
carried out at lower pH ca.6  in the case of ACCbi or at pH 4 in the case of DACbi. 
Also, in the case of DACbi, at pH 4 and after 15 minutes a trace of stable yellow 
corrinoid was formed (band at ca,460 which after adding CN, moves to ca. 486 nm). 
AHCbi forms Co(II) at pH 6.5 when NH2 OH is used. No reduction to Co(II) or 
formation of stable yellow corrinoid were observed in the case of vinyl or methyl 
cobinamide.
72
Hydroxyl amine and some other amine salts were provided as 
hydrochloride salt, therefore when they were used, NaOH was added to neutralise the 
acid to the suitable pH and then prepared in appropriate buffer. The pH of the 
solution was checked after each determination.
It is known that [125] NH2 OH decompose at pH>7 to NH3 as expressed in 
the following equation:
3 NH2 OH -> NH3 + N2+ 3 H2 O
In order to minimise the effects of the decomposition( i.e. possible competition from 
the NH3) the NH2 OH solution were freshly prepared before each determination and 
the determinations were carried out as quickly as possible.
Traces of stable yellow corrinoids were observed when high concentrations 
of 4 -NH2 Py were added to B j2 a ^ nd heated to dissolve the ligand.
Where the value of log K was too low to allow complete formation (e.g. 4- 
CN-Py, pyrazine and pyrimidine or the amines with methyl or vinylcobinamide), for 
the purpose of analysis the spectrum of the fully formed complex was taken to be the 
same as that of the ImH complex.
It is known that the pK of converting H2 O to OH" in the case of DACbi equals 
5.9 [50,126]. Therefore, pH<5 should be used in this case to prevent the competition 
from OH"' The value of K then corrected for the protonation. This problem and also 
the interference between Kj and K2  (When two molecules of water in the axial 
position are replaced by the nitrogenous bases) make the determination of K in the 
case of DACbi difficult.
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4.3 RESULTS:
4.3.1 Steric anomalies with vitamin Bx2a DACbi:
Two heterocyclic compounds (ImH and Py) were chosen to study the steric 
effect in the case of the corrinoid complexes. The equilibrium constants were 
calculated for these complexes. The value of log K in the case of ImH and Py with 
five corrinoid complexes are given in Table 4.1.
Fig. 4.1 shows the relationship between log K(]N ^nd log K in the case of 
ImH and Py with all the corrinoids used. This figure shows that the value of log K 
increases linearly from Me to Vinyl to CN, then decreases dramatically in the case of 
B i2 a (Bzm in the trans axial position) since it is sterically hindered. The value of 
log K slightly increases again when H2 O is in the axial position but does not fit with 
the straight line which represents Me, Vinyl and CN. This figure also shows that we 
can quantify the decrease in log K due to the steric effect or we can calculate A log K 
(the difference between the expected log K and the apparent log K due to the steric 
effect). In the case of ImH and Py, A log K equals 2.5.
This section shows that anomalies are observed with Py and ImH in the case 
of B 12a DACbi; the value of log K is less than the expected value (fig. 4.1) fi-om
the order of the trans effect. This may be due to the presence of Bzm in the axial 
position which folds the corrin ring along Co-Ciq axis. There is also an unexpected 
decrease in log K for X =H2 0 ; we suggest that the increasing positive charge on the 
Co ion significantly reduces the Co-N bond length and induces compression between 
the corrin ring and the a-CH atoms of the heterocycles. It is clear from this section 
that the expected value of log K after ignoring the steric effect can be calculated fi-om
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fig. 4.1 in the case of ImH or Py . These theoretical values could be used for a 
comparison with other metal ions as in the discussion of chapter 5 and 7.
Methyl amine was chosen to test the steric effect with the corrinoids. The values 
of log K for the substitution of coordinated H2 O by methyl amine were taken from 
the literature [94] and are given in Table 4.1. Plotting the values of log K for methyl 
amine versus log K qn  gives a good linear plot as shown in fig. 4.2. This suggests 
the absence of the steric effect problem in the case of methyl amine in spite of some 
of the other amines with low pK showed some anomalies with vitamin 2a* 
Therefore all the nitrogenous bases will be studied with Vitamin Bj2a 
DACbi separately in chapter 5 and this chapter will deal with the reaction of the 
nitrogenous bases with three corrinoid complexes with X= CN, Vinyl and Methyl. 
The spectra of all the nitrogenous bases-corrinoid complexes are similar and will be 
shown later (section 4.3.2 - 4.3.4 and in chapter 5).
Table 4.1
The values of log K for methyl amine, Py and ImH 
in the case of different corrinoids
ligand Me V CN Bzm H2 O
pyridine
imidazole
methyl amine 
CN
0 .86b,G 
0 .9b,c,d
2 .1W
1 .0 5 a
1.3a,d
0.04f
2.710
2 .3a, 2.68 
4 .1a, 4 .14e
3.4f
8.41
1.2 a
4.6G,h
6.48f
14.ll
3.6a 
5 .2 a 7.58
ca 91H
16.6k
(a) this work (b) Ref. 123 (c) Ref. 124 (d) Ref. 127
(e) Ref. 121 (f) Ref. 94 (g) Ref. 122 (h) Ref. 128
(i) Ref. 21 (j) Ref. 131 (k) Ref. 129 (1) Ref. 130
(m) calculated roughly with a big error bar from the base line of DACbi with amines
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ImH
2
0
0 5 2010 15
log K (CN)
Fig 4.1 Plot of log K versus log for ImH and Py 
Data fi-om Table 4.1 page 75.
g
12
10
8
6
4
2
0
40 8 12 16 20
log K(CN)
Fig. 4.2 Plot of log K for CH3NH2  versus log KcN 
Data fiom Table 4.1 page 75.
76
4.3.2. Coordination of primary amines:
Seven primary amines were chosen to study the equilibrium constants 
with three corrinoid complexes (X= CN, Vinyl and Methyl). These amine 
compounds have a range of pK (5.3 - 10.6) to study the basicity or the inductive 
effect of the ligands. They include two compounds (NH2 OH (pK=6) and NH2NH2 
(pK =8)) containing 1,2 dinitrogen or nitrogen and oxygen adjacent to each other to 
study the so called a-effect.
The spectra of one of the amines (e.g. BrCH2 CH2NH2 ) with three different 
corrinoids (the ligand in axial position changes from CN, Vinyl to Methyl) gave 
reasonable to good isobestic points and a significant shift in a , p and y-bands as 
shown in figs. 4.3 - 4.4. It was difficult to get the spectrum of the fully formed 
complex in the case of methylcobinamide because the value of log K is too small. 
The values of log K were calculated from the log -log plot (see section 2.4) by using 
the absorption of the y-band to follow the spectrophotometric titration and are given 
in Table 4.2.
The spectra of the other amines with these three corrinoids complexes were 
similar to the spectra of Bromoethylamine with the corrinoids (figs. 4.3 - 4.4). The 
calculated value of log K in the case of the other amines with the three corrinoids 
used are given in Table 4.2.
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Table 4.2
Equilibrium Constants (K) for the substitution of coordinated 
in corrinoids with X = CN, Vinyl and 
Me by substituted amines
LogK  for X =
Ligand CN Vinyl Methyl
Trifluoroethylamine 0.78 C-1
Aminoacetonitrile 0.55 ^ ”1 ^ ”1
P-aminopropionitrile 1.4 ■^ “0.5
Bromoethylamine 2.5 «-0.5 ^ ' 1.0
NH3 3 .15a -0 .05b -1C
CH3NH2 3.4d 0.04<1 -O.gd
NH2 OH 2.46G
NH2NH2 3.1 0 .2 2 0.04
(a) of. 3.35 [122] 
(d) Ref. 94
(b) Ref. 51 
(e) cf. 2.4 [116]
(c)Ref. 122
%
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iFigure 4.3: The UV-Vis. spectra of the titration of ACCbi with bromoethylamine
I
Figure 4.4: The UV-Vis. spectra of the titration of Vinylcobinamide with bromoethyl 
amine: 79
The effect of the coordinated amines on the wavelength of the y-band,
which represents a ground state cis effect of the amine ligand provides some
additional information on the Co-N (amine) bond. It is known that the y-band moves
to longer wavelength when the a-donor power of the axial ligand increases and the
steric hindrance in nitrogenous bases reduces the shift to longer wavelength. The
Xjnax. of the amine-corrinoid complexes are given in Appendix IV. The wavelength
data shows that the lowest amine gives a Soret band at 2 nm less than the highest 
one. The value of Xy is affected by the ligand in the trans position and this value
increases in the order of the trans order.
Figure 4.5 shows the relationship between pK and log K for all the three series 
with X = Me, V and CN. In each case there is a good base line verifying the relation 
log k =a.pK +b. The slope and intercept (a &b) will be discussed later with 
heterocyclic compounds and the values of a and b are given in Table 4.5. Figure 4.5 
shows also that the slope increases with the trans effect in the order of Me< Vinyl < 
CN. Varying X in this order is almost certainly accompanied by an increase in the 
residual positive charge on the cobalt atom and decrease in the Co-N bond length. 
This figure shows also the enhancement of log K values in the case of hydrazine and 
hydroxyl amine which was ascribed to the so called a-effect (see discussion in 
chapter 3).
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CN
3 NH2OH
1
Me1
-3
pK
Figure 4.5: Plot of log K for coordination versus pK^ in the case of amines with 
three corrinoids with X= CN, Vinyl and Methyl,
Data from table 4.2 page 78
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4.3.3 Coordination of Py's and diazines:
Good to excellent isobestic points and a significant shift in a , p and y were 
observed in the case of Py as a parent compound representing the 6-membered ring 
heterocyclic compounds with all the corrinoids used which contain different ligand in 
the trans position (X = CN and Vinyl) as shown in figs 4.6 - 4.7. Figure 4.8 shows 
the spectra of titrating methylcobinamide by pyridazine. The spectra of the 
corrinoids with the other Py derivatives and diazines were similar to those of Py- 
complexes.
The values of the equilibrium constants obtained in the case of Py's and 
diazines with corrinoids are given in Table 4.3 together with some data published 
before for Py's with Methylcobinamide Brown et al [123].
It was found that the ly  in the case of 4-CN-Py is less by 3-4 nm than the ly  
of dhnethylamino pyridine. TheA^ of the other Py's is slightly affected by the pK but
there is a slight systematic increase in the a  and p region by increasing the pKy of 
the base. The values of l^^iax. the case of Py's and diazines with all the corrinoids 
used are presented in Appendix IV.
Fig. 4.9 shows the relationship between pK and log K in the case of the 
three corrinoids with X= CN, Vinyl and Methyl. This figure shows that in each case 
a good base line was obtained, covering a wide rage of pK (pK 0.37 - 9.76). These 
base lines intersect by extrapolation at a focal point (x,y). It is clear that these straight 
lines verify the relation log K =a.pK +b. This figure shows also the increase in log K 
for Pyridazine above the base line; even in the case of methylcobinamide this 
deviation still takes place. This deviation was ascribed to the so called a-effect 
already discussed in the case of Fe(III)Porphyrin (see chapter 3).
82
Table 4.3
Equilibrium Constants (K) for the substitution of coordinated 
H%0 in corrinoids with X = CN, Vinyl and Methyl 
by pyridines and diazines
Ligand
Log K for X =
CN Vinyl Me
Pyrazine 0.6
Pyrimidine 0.7
Pydz 2.6 0.88 0.6
4-CN-Py 0.9 0.3
Py 2 .3 a 1.05 0.86b=c
4-Me-Py 3.1 1.44 1.06b
4-NH2Py 4.6 1.76 1.38b
4-(CHg)2-N-Py 4.75 2.1
(a) cf. to 2.6 [122] (b)Ref. 123 (c) Ref. 124
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I
Figure 4.6: The UV-Vis, spectra of the titration of ACCbi with Pyridine
Figure 4.7: The UV-Vis, spectra of the titration of Vinylcobinamide with Pyridine
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+Y
Figure 4.8: The UV-Vis. spectra of the titration of Methylcobinamide with Pyridazine
5
CN4
3 Pyridazine
cno
2
MePyridazine1
0
2 40 6 8 10
pK
Figure 4.9 : Plot of log K for coordination versus pK^ in the case of Pyridines with 
three corrinoids with X= CN, Vinyl and Methyl 
Data from Table 4.3  page 83
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The established base line in case of ACCbi with 6 -membered heterocyclic 
compounds also serves to quantify the decrease in the value of log K in the case of 2- 
MePy. No change in the spectrum of ACCbi was observed when IM 2 Me-Py was 
added to ACCbi. This indicates a value of log <-1. Therefore the steric hindrance 
has suppressed the log K value by 3.5 log K unit below the base line. This 
suppression in log K value in the case of 2-Me-Py with ACCbi is greater than the 
suppression (ca 3) in the case of 2-Me-Py with MP-8  (section 3.3.2).
4.3.4 Coordination of 5-Membered heterocycles:
To complete our aim and compare the amines with the different hetero­
cyclic compounds, a series of Imidazole were chosen to study the equilibrium 
constant with the corrinoids. The available commercial Imidazole derivatives are 
limited because substitution in positions 4 and 5 are preferred to avoid the steric 
hindrance. Also, some other imidazole derivatives are insoluble in aqueous solution 
such as 4 -N0 2 -ImH . As it has been mentioned before in chapter 3, N..acetyl 
imidazole will be excluded from this series because it contains a COCH3 group. 
Therefore, it was important to check the coordination of some other azoles 
containing two nitrogens in the ring such as triazole as we compared diazines with 
Py's (section 4.3.3) and also their anions such as Im" and Tr'-
The final UV-Vis. spectra of corrinoids with 5-membered heterocyclic 
compounds (ImH, N-Me-ImH, 5-Cl-N-Me-ImH, and TrH) were similar to the spectra 
obtained in the case of amines and Py's. Reasonable to good isobestic points and a 
significant shift in a , p and y bands were obtained as shown in figs 4.10 -4.12 in the 
case of TrH as example of the 5-membered heterocyclic compounds with the three
8 6
2Figure 4.10: The UV-Vis. spectra of the titration of ACCbi with Triazole
Figure 4.11: The UV-Vis. spectra of the titration of Vinylcobinamide with Triazole.
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%Figure 4.12: The UV-Vis. spectra of the titration of Methylcobinamide with Triazole
2
Figure 4.13: The UV-Vis,spectra of ACCbi alone (1) ,  with Imidazole (2 ) and with 
Imidazolate (3)
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comnoid' complexes used (X= CN, Vinyl and Methyl). Similar spectra were 
obtained in the case of the other 5-membered heterocycles.
Also, it was found by titrating ImH-corrinoid complex (e.g. Imidazole 
cyanocobinamide) with NaOH to determine the pK^, another set of isobestic points 
were obtained and there is a shift in the bands which indicates that Im" coordinated 
to the Co atom as shown in fig. 4.13 in the case of Im". Tr" gives the same spectra as 
Im" with the corrinoid . This indicates that Im" and Tr" coordinated with the corrinoid 
complexes. The value of pK^ (for loss of the proton fi'om the coordinated ligand) of 
the imidazole cyanocobinamide complex was determined in duplicate experiments by 
titration using concentrated NaOH solution from pH 8 to 13.5 in a 4 cm cell 
containing 1 x 10"  ^mol dm"^ ACCbi and with I ca.0.1 mol dm"^, following the rise 
in absorbance at 565 nm as shown in fig. 4.13. Using graphical extrapolation to 
obtain the initial and the final values of A555  give the titration curve of imidazole 
cyano complex as shown in fig. 4.14. Analysis of the change in absorbance at 565 
nm (after correction for dilution) with pH corresponded to an equilibrium involving 
one proton with pK^ = 11.2 ±0.1 as shown in fig. 4.15. Similar duplicate titrations 
were performed on the TrH complex fi-om pH 4 to 11, following the absorbance at 
555 nm to given equilibrium involving one proton with pK^ =6,8  ± 0.1. 
log Kg- was calculated from equation (3) in chapter 3 using log Kg (Table 4.4) and 
pKc. The value of initial and final absorbance were determined by extrapolation. 
The same experiment was repeated in the case of methyl and vinylcobinamide with 
ImH and TrH to determine the value of pK^ and then calculate log Kg".
The calculated log K value for B and B" are given in Table 4.4. The ^max. 
of ImH's, Im" and Tr" -corrinoid complexes are presented in appendix IV.
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Figure 4.14: The pH-titration curve for the ACCbi-Imidazole complex with NaOH
0.5 -
XÎS"
O)o
-0.5
pH
Figure 4.15: The log-log plot for the pH titration of ACCbi with Imidazole
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The value of log K obtained in the case of ImH's and the other azoles were 
plotted versus pK of the ligand as shown in fig. 4.16. This figure shows the validity 
of the general equation log K= a.pK+b. The base line in this case includes the 
coordinated anions Im" and Tr". Therefore, a base line was established in the case of 
5-membered heterocyclic compounds with the corrinoids and this base line includes 
both the triazole and the anionic form of TrH and ImH and cover a wide range of pK 
about 12 units.
The slope and intercept (a & b) in the case of corrinoids with the three 
families of nitrogenous base are given in Table 4.5.
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CN
□ 3O
Me
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pK
Figure 4.16: Plot of log K for coordination versus pK^ in the case of Imidazole and 
triazole with three corrinoids with X= CN, Vinyl and Methyl.
Data from Table 4.4 page 93
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Table 4.4
Equilibrium Constants (K) for the substitution of coordinated 
H2O in corrinoids with X = CN, Vinyl and Methyl 
by 5-membered heterocycles
Ligand
Log K for X =
CN Vinyl Methy
ImH 4 .14a 1.2 5 b l.OC
N-MelmH 4.3
5-Cl-N-Me ImH. 3.65 1.35
1,2,4- TrH 2.35 0.72 0.44
Triazolate 5.5 1.72 1.2
Imidazolate 7.24<1 2 .6 2 .2
(a) of. to 4.1 [121] (b) of. 1.3 [127]
(d) cf. 6.2 calculated from [121] and [122]
(c) Ref. 123, 124
Table 4.5
Values of a and b for the nitrogenous bases 
in corrinoids with X = CN, Vinyl and Methyl
Py's ImH amines
a b a b a b
CN 0.47 0.18 0.4 1.43 0.58 -2.6
Vinyl 0.18 0.25 0.15 0.45 0.21 -2.2
Me 0.15 0.06 0.14 0.02 «0.1* -1.25
These values were calculated using the least square method,
* this value is a rough value because the values of K in this case are too small
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In the previous figures we have plotted log K vs. pK for all the three trans 
ligands X for single family of nitrogenous bases. In fig. 4.17 the data are re drawn by 
plotting log K vs. pK for all 3 families of nitrogenous bases in the case of ACCbi.
8
ImH'sX = CN
6 Py's
RNH2
O) 4 o
2
0
0 6 14 162 4 10 128
pK
Figure 4.17: Plot of log K for the coordination of 5-membered # , 6-membered
heterocycles * and primary amines a  versus pKa in the case of ACCbi.
Data for amines from Table 4.2 page 78, for Py's from Table 4.3 page 83 and 
for ImH's from table 4.4 page 93
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4.4. GENERAL DISCUSSION:
4.4.1 Basicity:
Fig. 4.1 showed that the values of log K in the case of Bi2a and DACbi 
with ImH and Py are less than the expected values (the order of the trans effect) due 
to the presence of Bzm and H2 O in the trans position and these two cases will be 
discussed further in more details in chapter 5. Therefore the following section will 
discuss the data for the equilibrium studies for nitrogenous bases (primary amines, 5 
and 6 -membered heterocyclic compounds) with three corrinoids with X =Me , Vinyl, 
and CN which did not show any anomalies in log K values.
The data obtained in sections 4.3.2- 4.3.4 showed the validity of the 
general equation log K =a.pK+b in the case of Co(III) corrinoid with X = CN, Vinyl 
and Methyl. This establishes the base lines in the case of three corrinoids and 3 series 
of nitrogenous bases. The most striking base line is observed with 5-membered 
heterocyclic compounds because it covers a veiy wide range of pK(2.3 for TrH to
14.3 for Im", i.e. it covers 12 pK units ) and it is linear in all the studied cases (X= 
Me to CN). This supports the analogous data obtained with MP-8  (see section 3.3.3). 
In the case of 6 -membered heterocyclic compounds, the established base line 
includes the 4-substituted pyridine and within the range of experimental error, it 
includes the 1,3 and 1,4 diazines ( pyrimidine and pyrazine). The limited data for the 
primary amines give a good base line in the case of ACCbi but it is difficult to judge 
that it is a good base line in the case of methyl or vinylcobinamide because the 
values of log K are very small.
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Table 4.5 shows the values of the slope and intercept (a) and (b) in the case 
of three corrinoids studied in this chapter with the 3 series of nitrogenous bases. 
This table shows that the values of (a) increases in the same order of the trans effect 
order, X =Me <V < CN. The relationship between the slope (a) and log gave a 
straight line as shown in fig. 4.18 in the case of Methyl, Vinyl and cyano 
cobinamide. Therefore, the value of (a) depends on X. Little change has been 
observed between the three families (for a given X). This suggests that there is no 
significant difference between NH2 R (a-donor only) and Py’s (possible 71-acceptor) 
even in the case of methylcobinamide. This table shows also the value of (b) which 
does not show a simple pattern.
Fig. 4.5, 4.9 and 4.16 show that the base lines of each family intersect in 
one point (x,y). In the case of 6-membered heterocyclic compounds the focal point 
was the origin (0,0), in the case of amines (1, -2.0) and for 5-membered heterocyclic 
compounds (-2.3, 0). So, it is clear that the focal point varies from one family to 
another. When the focal points of amines and ImH's shifted to the focal point of Py's 
because the focal point in this case is the origin, all the three base lines intersect at 
the origin (one focal point) but the slope is different (as shown in fig 4.19 in the case 
of amines and Py's). This process has been achieved by adding 2 to the value of log 
K and subtracting 1 from the value of pK in the case of amines. In case of 5- 
membered heterocyclic compounds, the shift could be done by adding 2.3 to the 
value of pK.
Also, it was found that by tilting the Y axis the base line of 5-membered 
heterocyclic compounds superimposed with the base line obtained for 6-membered 
heterocyclic compounds (Tilting Y-axis was achieved by calculating the angle 0 
between the original line and the new straight line, then calculate the new value of Y)
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Figure 4.18: Plot of the Slope (a) versus log KqjsJ in the case of corrinoids with 
X=Me, Vinyl and CN. Data from Table 4.5 page 93 
Points 1 and 2 for X= Bzm and H2 O (see section 5.2,1 and 5.2.2)
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Figure 4.19: Plot of log K for the coordination of nitrogenous bases versus pK^ in the 
case of corrinoids with X = Me, Vinyl and CN.
Data from Table 4.2 page 78 (RNH2 ) and from Table4.3 page 83 (Py's)
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4.4.2 The relationship between the slope, pK^ and pKg:
The established base lines for the nitrogenous bases with corrinoids agree with
the general equation Log K =a.pK +b .......................... (1)
It has been mentioned before (section 3.2.2) that log Kg- for the coordination of the 
anion can be calculated from the relationship
Log Kb- = log K b h  + pKa - pKc ......................(2)
Rearranging equations (1) and (2) gives a simple equation or method which is 
applicable to substitution of inert complexes where it is difficult or impossible to 
obtain values of log K under equilibrium conditions. This relationship can be used to 
provide values of the slope (a) when the values of pKg and pK^ are known. 
Rearranging equation (2) pK*. = log Kbh  -log Kb" + pK^
p K c  =  ( a .p K b + b  -a .p K a + b )  + p K a
= (a.pKb -a.pKa) +pK^
=a(pKb -pKa) +pK& 
pKa -pKc = a(pKa -pKb)
a =(pKa-pKc)/(pKa-pKb) ...................................... (3)
Assuming the existence of the linear relationship (1), we can estimate the value of (a) 
from the experimentally determined value of pK^ for a single complex containing an 
azole(e.g. ImH), while the derivation of similar or identical values of (a) from the 
pKc's for the pair of azole complexes (with ImH and TrH) would provide direct 
evidence that the azoles obey relationship (1) for the particular metal ion.
It was found that [136] the value of pK^ for ImH and TrH in the case of the 
complex [Ru3 (NH3)5BH] equals 8.9 and 4.3 respectively (I =3 xlO"3 and 0.1 mol 
dm"3). The values of pKa and pKb are known (see appendix I). Applying equation 
(3) produces values of (a) =0.75 and 0.74. These values of (a) are self consistent and 
inspite of the difference in ionic strength, it seems reasonable to conclude that they 
demonstrate both the validity of equation (1) for azoles with this Ru^"  ^ ion and the
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utility of a method which can be applied to substitution inert complexes. The value of 
(a) is significantly higher for Ru^'^ pentaamine (0.75) than for the Co^"^-CN-Cbi 
(0.42) or Fe^+ MP-8  (0.32), showing that values of (a) can vary widely.
4.4.3 Comparison with other metal ions:
Many such data in non aqueous solvents represent the general relationship log K 
=a.pK +b were reported in the literature on the basicity especially for substituted 
pyridine and amines. So, there is no experimental test or theoretical guide-line to 
indicate how to relate (a) and (b) in different solvents. This section will discuss the 
metal ions which were studied in aqueous solutions including MP-8  to see the 
similarities to or the differences fi'om the patterns observed in the case of Co(III) 
corrinoids.
Bruehlman R et ai [1] determined the equilibrium constants of Ag+ ion with 
five primary amines, three secondary amines and four pyridines using pH 
measurements. They have showed that Py's and primary amines lie on a single line 
with a=0.26 and b =0.6. The secondary amine fall on another straight line. The two 
lines for primary and secondary amines exhibit the similar value of (a), as found for 
Co(II) corrinoids and Fe(IIl) Porphyrin. Szilard [132] determined the formation 
constant of Ag*^  with hydroxyl amine by pH measurements and the value of K was 
80 at 20 °C in 0.5 MNaNOg.
Frasto et al [133] determined the stability constant of Py and 4-substituted 
pyridine with Ag"^ . Also, the stability constant of the complexes of Ag"  ^ ion with 
pyridazine, pyrimidine and pyrazine as ligands were determined at 25 °C in 0.1 M 
KNO3 [134]. Plotting the relation ship between log Kjor log p versus pK for Py's 
and diazines give a good linear plot. This shows that there is no enhancement in log 
K the case of pyridazine above the base line. Also, the value of log K in the case of
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hydroxyl amine fits with the straight line representing the amines. There is no 
reduction in log K values for the 2-substituted pyridines or imidazole. The data of 2- 
substituted pyridine, pyridazine and hydroxyl amine with Ag (I) in contrast with our 
data for Co(III) and Fe(III).
The equilibrium constants of ferrocyanide (Kji) were deteimined then the 
association constant (Kjh) were calculated indirectly via cyclic voltammetry. It was 
found that the Kjij values increase with the basicity of the ligand, while the opposite 
trend was found for Kji values. They choose Imidazole, y-picoline, Py, 
isonicotinamide, pyrazine, N-methylPyrazinum cation as ligands for studying the 
equilibrium with Fe(II) and Fe(III) [135].
The relationship between pK and log K for the above ligands with Fe(II) and 
Fe(III) gave a very interesting pattern. A good linear plot including the 6 -membered 
heterocyclic compounds and N-methylpyrazinum cation was obtained. The value of 
log K for pyrazine deviates from this straight line and since this value was derived 
indirectly from log K of Fe(II) via cyclic voltammetry; it is difficult to assess 
whether its displacement above the line is genuine or spurious.
Fig. 4.21 shows the relationship between pK and log K in the case of Fe(II) 
and Fe(III), the slope of the straight line =0.4 and the intercept equals 2.0. Im lies 
above the line by 1.1 and this pattern is similar to that obtained in the case of Co(III) 
CNCbi and Fe(III) MP-8 . In the case of Fe(II), the slope (a) found to be -0.07 and 
the intercept (b)= +5.9. ImH falls on the same line with the 6 -membered heterocyclic 
compounds.
Comparison of the values of (a & b) for corrinoids in table 4.5 and for 
MP-8  (section 3.3.3) shows that there is a great similarity between aquocyano 
cobinamide and MP-8 . Also, the values of log K in the case of ACCbi with different
1 0 0
nitrogenous bases are similar or near to the values of log K in the case of MP-8  with 
different nitrogenous bases. This shows the similarity between the CN (as an axial 
ligand), Co(III) (as a central metal ion) and a corrin ring in the case of ACCbi with 
His ( as an axial ligand), Fe(III) and Porphyrin ring in the case of MP-8  . This is the 
first time two metal ions with two different rings have been compared.
[e-PyzI
■  ImH
♦ NH.
[e-Py ONH:
■IspmKotinamide
O)o
■  Pyz
pK
Figure 4.20: Plot of log K for coordination of some nitrogenous bases versus pK^ in 
the case of Ferro and Ferricyanide ( data from Ref. 135)
o In the case of Fe(II)
« In the case of Fe(III)
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4.4.4 Spectra of the Products:.
All the products of nitrogenous bases and ACCbi give similar spectra and the 
Xy varies from 360 - 363 in the case of Py's or ImH's and 357-359 in the case of
amines. Analogously, the spectra of the final products of nitrogenous base and 
methyl or vinylcobinamide are similar. The Xy equals 373- 375 nm in the case of
Py's, 374 (ImH) and 377 when imidazolate coordinates to vinyl and 380 for 
methylcobinamide. The value of K for primary amines with methyl or vinyl was too 
low to enable the spectrum of the fully formed complex to be recorded. The 
wavelength data showed that there is a slight shift between the first and last 
members of each family. In the case of ACCbi, the y-band occurred at larger 
wavelength with the sp^ heterocyclic compounds than with sp^ aliphatic amines (see 
appendix IV for a list of all the wavelengths for all the nitrogenous bases corrinoid 
complexes). The order of increasing the wavelength agrees with order of the trans 
effect.
The data for in the case of the nitrogenous bases and different
corrinoid complexes show that the wavelengths of the a  or p bands are more 
sensitive than the y-band to the change in pK with each family of nitrogenous bases. 
There is a systemic shift in the wave length in the case of a  or p bands and the order 
of the shift is the same order as in the case of y-band.
4.4.5 The a-effect;
As already shown in chapter 3 for Fe(III) Porphyrin, NH2 OH, NH2NH2  and 
pyridazine also show an enhancement of log K value above the established base line 
by one or two log K units in the case of Co(III) corrinoids. This was ascribed to the 
so called a-effect. It was found that the a-effect does not depend on the nature of X 
because the values of log K are still ca. 0.5-1.5 log K unit above the base line in the
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case of methyl or vinylcobinamide. So, by varying X from Me to CN, the a-effect is 
still present.
4.5 SUMMARY AND CONCTJTSTON;
More than 40 equilibrium constant values were determined spectro- 
photometrically in the case of corrinoids with X= CN, vinyl and methyl and 3 
different series of nitrogenous bases (Py's, ImH's and primary amines). The following 
important points can be made:
(i) The 5 and 6 -membered ring compounds and the primary amines give three 
separate base lines for each of the corrinoids used ( X =CN, vinyl and methyl), 
covering a wide range of pK viz. 5.3 - 10.6 in the case of amines, 0.4 - 9.76 for Py's 
and 2.3 -14.3 for 5-membered heterocycles. The values of a & b have been 
determined and discussed.
(ii) The value of (a) increases linearly with the order of trans effect (i.e. log Kcjq).
(iii) For each family of the nitrogenous bases, all the established three base lines for 
the three corrinoid complexes used intersect in one focal point and this focal point 
differs from one family to the other. All the three families can be superimposed by 
moving the focal points.
(iv) The so called a-effect was established for the first time in the case of Co(III) 
corrinoids with NH2 OH, NH2NH2  and Pyridazine. This appears as an enhancement 
of log K above the base line.
(v) The steric effect has been studied in the case of 2-Me-Py with ACCbi and there is 
suppression in the log K value about 3.5 log K unit below the base line
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5.1. INTRODUCTION:
The equilibrium constants of 3 families of different nitrogenous bases have 
been studied in chapter 4 with corrinoids with X = Me", V" and CN“. Vitamin Bi2a ( 
X=Bzm) and DACbi (X =H2 Û) will be studied in this chapter with the same 
families of nitrogenous bases (Py's, ImH’s and amines). Therefore, this chapter is 
considered as an extension to chapter 4 to extend the equilibrium studies through the 
known order of the trans effect.
As already mentioned in section 4.3.1 that there are some anomalies have 
been observed in the case of ImH and Py with Vitamin Bj2a DACbi and also 
slightly appeared in the case of some amines. There are several factors which change 
as the ligand in the trans position changed from CN to Bzm and H2 O such as:
(i) The net positive charge increases on the corrinoids when X is changed from 
anionic Me"or CN" to neutral Bzm or H2 O ( there is a negative charge on P-0" on the 
side chain of the cobalamin but because it is very far from the Co ion it does not 
affect on the equilibrium studies on the Co ion). This effect can be tested by 
comparing the values of log K for neutral base such as NH3 or MeNC with those for 
anionic N3" and CN" and it has been shown that these compounds give a simple 
pattern from Me to H2 O [51] (see fig. 5.11). This shows that the simple effect of the 
charge can be ignored.
(ii) The Lewis acidity increases regularly on the Co ion when the trans ligand 
changed from Me to H2 O as shown by the parallel increases in log K for the 
coordination of neutral or anionic ligand (see fig. 5.11). X-ray evidence on Co(III) 
complexes showed that the increase in Lewis acidity will be accompanied by regular
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decrease in the Co-N bond length trans to the ligand X. Randaccio et al [137] have 
summarised the X-ray data for Co(III) cobalamin and they found that an increase in 
Co-C and Co-N(axial) occurs in the order of CN <Me < Ado. The Co-C bond length 
is particularly short for CN-Cbl (1.91 Â). In the other hand the Co-C in the case of 
X=Me equals 1.99 Â. The Co-N in the case of CN-Cbl equals 2.03 A but for methyl 
cobalamin equals 2.19 A. Also, in another review [138] for cobaloximes , the Co-N 
(sp^) distance is 1.958 A (mean) in those NHg derivatives which have poor trans (j- 
donor, such as NH3 or Cl. When the bulky group such as NHMc2 or NH2?h attached 
to Co, the Co-N distance increases by about 0.05 A if the trans ligand is still a poor a  
-donor. This result illustrates the steric cis influence. It was observed that the Co-Py 
bond lengths are longer than C0 -NH3 distance, although the cr-covalent radius of N 
(sp2) is expected to be shorter by 0.05 A than that of N (sp^). This result suggests 
that the steric interaction of Py with cobaloximes units may be significant. One 
would expect that at some point in the trans effect order the reduction in Co-N bond 
length would cause a large increase repulsion which leads to significant 
suppressions in log K value which would otherwise have been expected on the basis 
of the Lewis acidity alone. Such effect most likely to become apparent with highest 
Lewis acidity ( X =H2 Ü) and the bulkier ligands (i.e. ImH and Py).
(iii) As already mentioned in 4.1, Glusker and co-workers [117] have shown that 
there is a variable degree of folding (2 -2 2 °) on the corrin ring along the Co-C 10 line. 
This folding is greater for the cobalamin series which possess the bulky 5,6 dimethyl 
benzimidazole (Bzm) as one axial ligand. The value of log K is reduced in the case of 
some bulky ligands as ImH as a result of the folding in Co-Cjq- There is no 
evidence to indicate (i) if ImH or Py would show the same effect of folding as Bzm 
does or (ii) whether the reduction in the value of K is likely to be greater when Bzm
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is coordinated in the lower a-site (as it is) or in the upper (p-site) or (iii) how to 
separate the contribution to any reduction in log K from a Bzm induced folding and a 
short Co-N bond length.
5.1.1 Related Previous work:
H. Marques et al [128] have determined the formation constants for the 
substitution of coordinated H2 O in aquocobalamin (Bi2 a) t>y Imidazole and number 
of its derivatives at 25 °C , 1= 1.0 M KCl in the pH range 5.5- 10.5. They found that 
the log K for 2-Me-ImH =1.15 is low compared to that for ImH (log K =4.59) 
because of steric repulsion between the annular substitutent and the corrin ring, only 
the five substituted imidazole are considered to be significantly coordinated by 
Co(III). It was found that the log K in the case of 5-Methylimidazole, N-Methy 
imidazole, 1,5 dimethylimidazole, imidazole lactic acid, cationic histamine, neutral 
histamine, neutral histidine and anionic histidine equal 4-5.
Baldwin et al [94] have studied the steric effect and the trans effect in 
coordination of amines by Co(III) corrinoids. They determined the log K value for 
the substituted H2 O in Co(III) corrinoids by various amines spectrophotometrically 
in aqueous solution ( 1= 0.2 mol dm"^) at 25 °C. The log K values in the case X 
=Bzm and B = NH2 CH3 (ca 6), NHMe2  (3.4), NMe3 ( <T% NH2 Et (5.3), NH2 Pri and 
NH2 Bu^ (both <d). In the case X=CN and B= NH2Me (3.4), NHMe2 (2 .0), NMe3 (ca
0) and when X= vinyl, B= NH3(-0.06), NH2Me (0.04), NHMe2  and NMe3 (both <-
1). These results showed the steric effects increases in importance as the donor power 
of the trans ligand X decreases from (vinyl through CN" to dBzm) and the significant 
steric effects are caused by substitution on the p (C) atom as well as the a(N) atom.
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5.1.2 Aim of the work:
The aims of the work in this chapter are:
(i) To check the validity of the general equation log K= a.pK +b in the case of 
primary amines with Bi2a DACbi and to get the values of (a) and (b) of this 
equation.
(ii) To test for the operation of the a-effect using NH2 OH and NH2NH2 .
(iii) To attempt to determine values of log K for ImH and Py trans to H2 O, ImH, Py, 
NH3 and Bzm in order to answer some of the question raised in the introduction.
5.2 RESULTS:
5.2.1 Coordination of primary amines with DACbi:
The full spectrum (300 -600 nm) was scanned after adding the amine to DACbi 
at pH 4, I =0.1 using acetate buffer to check for the occurrence of isobestic points 
and the location of the Soret band of the product. Good isobestic points were 
obtained and a significant shift at a , p and y bands were observed as shown in fig.
5.1 in the case of bromoethylamine as an example of one of the amines studied with 
DACbi. This indicates that the amines can replace one molecule of water to form 
monoamine cobinamide then the bis amine complex when higher concentration of 
amines were used.
Quantitative studies have been carried out to determine the value of K in the 
case of the amine with DACbi spectrophotometrically by following the absorbance at 
349 nm. These values of log K are mentioned in Table 5,1. Determination of log K 
in these cases was difficult because there is a competition from the OH" and also due
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Table 5.1: Equilibrium Constants for the substitution of 
coordinated H2O in the case of DACbi by substituted amines
Ligand pK logK
. Aminoacetonitrile 5 .3 2.8
Trifluoroethylamine 5.7 2.8
p-aminopropionitrile 7.7 4.8
Bromoethylamine 8.5 6.5
NH2 OH 6.0 5.0
2
Figure 5.1 : The UV-Vis. spectra of the titration of DACbi with 
bromoethylamine
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to the interference between Kj and K2 . NH2NH2  and NH2 OH were chosen to check 
the so called a-effect but it was difficult to get a reasonable value of log K in these 
cases because both act as reducing agent. A band at 470 nm was observed which 
indicates that Co(II) was formed when NH2NH2  was added to DACbi. A rough 
value of log K was obtained in the case of NH2 OH at pH 4. (log K ca,5). The 
calculated values of log K in these cases have a big range of error (± ca 0.3) and they 
were corrected for the protonation because the pH was less than the pK^ of the 
amines.
Figure 5.2 shows the relationship between log K and pK for the amine series 
with 4 corrinoid complexes (data from chapter 4 except for DACbi ). This figure 
shows that the four amines used give a straight line in spite of the error in log K 
which was high (+0.3). The slope of the line is steeper and equals about 1.1 . This
straight line goes through the focal point with the other base lines in the case of Me, 
Vinyl and CNCbi.
5.2.2 Coordination of the amines with Bi2a (X =Bzm):
Preliminary experiments, scanning the spectrum over the range 300-600 nm, 
showed that at pH 6 all the amine reacts rapidly with B%2a without any 
complications or anomalies which might reflect side reactions or overlapping 
equilibria. The equilibria were established instantaneously. The equilibrium 
constants (K) for substitution of coordinated water in B j2a t»y amines were 
determined by UV-Vis. spectrophotometry by following the absorbance at 351 nm. 
Analysis of the data corresponded to the binding of 1 BH per Co; this is obtained 
from the log -log plot as shown in fig 5.3 in the case of Bromoethylamine with 
B i2 a- At least duplicate experiments in aqueous solution containing 0.2 M phosphate 
buffer at pH 6 . In all the cases of amines good isobestic points were obtained in each 
case where a significant shifts at a , p and y bands were observed as shown in fig. 5.4
1 1 0
The values of log K obtained in the case of amines with B i2 a mentioned 
in Table 5.2
Table 5.2: Equilibrium Constants for the substitution of coordinated 
H2O in the case of Bi2a by substituted amines
Ligand pK logK
Aminoacetonitrile 5.3 1.3
Trifluoroethylamine 5.7 1.1
P-aminopropionitrile 7.7 3.3
Bromoethylamine 8.5 3.7
CH3NH2 10.6 6 .5a
NH2 OH 6.0 4 .6b
NH2NH2 8.0 4 .7b
(a) Ref. 51,94 (b) Ref. 116
7
NH2OH
5
C N
3
S’
1
Me■1
-3
pK
Figure 5.2 Plot of log K for coordination versus pK^ in case of amins 
with corrinoids, X= H2 O, CN, Vinyl and Methyl
Data for X= Me, Vinyl and CN from Table 4.3 page 83, 
for X=H2 Û from Table 5.1 page 109
I I I
< -
^  -2.5oo -1.5 -0.5
-0.5 -
log [ B rom oethylam ine]
Figure 5.3: The log-log plot of the titration of 2a with bromoethylamine
Figure 5.4: The UV-Vis. spectra of the titration of Vit. B i2 a with bromoethylamine
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Fig 5.5 shows the relationship between log K and pK in the case of amines 
and Bi2a- This figure shows that a good straight line was obtained and slope of this 
line equals 0.99.
Fig 4.18 (chapter 4) showed that the expected value of the slope (a) in the 
case of amine with Bi2a- (obtained by extrapolating the plot of the slope Vs. log 
KcN, according to the order of the trans effect). Therefore, there is a difference 
between the obtained value and the expected value. The value of (a) is higher than 
the expected values (the slope is steeper and the intercept becomes more negative). 
In the case of amines with high pK, the value of log K seems reasonable and fits with 
the straight line.
5.2.3 Coordination of Imidazole and Pyridine with DACbi:
ImH and Py were chosen as parent compounds representing the 5- and 6 -
membered heterocyclic compounds to study the equilibrium constant with DACbi
and in the next section with B i2 a*
Careful examination of the spectra of Py or ImH with DACbi showed that two
sets of isobestic points were obtained when DACbi was titrated by Py or ImH at pH
4.0 and 5.0 (acetate buffer, 0.2 M) as shown in fig. 5.6 (a &b) in the case of Py and
ImH respectively. These experiments were carried out three times for both Py and
ImH. The final spectra indicate that bis Imidazole or bis Pyridine has been formed ( 
by comparison with the spectra of Imidazole cobalamin or py cobalamin complex, Ày
around 362 nm) . The error in K j is slightly higher than the other cases because the 
overlapping between K\  and K2 .
Analysis of the values of absorbances at 349 run and the concentration of free 
ImH or Py showed that log K% 3.6 and log K2  3.1 for Py and log Kj 5.26 , log
K2  5.2 for ImH. (from the log -log plot fig 5.7 a&b in the case of Py and ImH
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Figure 5.5: Plot of log K for the coordination of amines versus pK^ in the case of 
® 12a. Data from Table 5.2  page 111 .
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Figure 5.6 a: The UV-Vis. spectra of the titration of DACbi with pyridine.
?
Figure 5.6 b. The UV-Vis. spectra of the titration of DACbi with imidazole.
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Figure 5.7 a: The log-log plot of the titration of DACbi with pyridine
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Figure 5.7 b: The log-log plot of the titration of DACbi with imidazole
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respectively). It seems that log Kj > log K2  in the case of Py and log log K2  in 
the case of ImH.
5.2.4 Coordination of Imidazole and Pyridine with Bi2a*
Fig 5.8 shows the UV-Vis. spectra of B%2a Py. This spectra showed that 
good isobestic points were obtained when Bj2a was titrated at pH 6 (phosphate 
buffer) by Py. Spectrophotometric titration was carried out by following the 
absorbance at 351 nm (the Soret band of Bi2a)- Analysis of the data indicates that 
one Py is required per Co atom ( the slope of the log-log plot as shown in fig 5.9). 
Similar spectra were obtained in the case of ImH and also a good linear plot. The 
values of log K obtained for ImH and Py (4.55 & 1.2) seem to be less than those 
expected ( 7 & 3.7) from the order of the trans effect (see fig.4.1).
Examining the spectra of B 12a DACbi + ImH (section 5.2.3) showed that 
the spectra of monoimidazole cobinamide was similar to B j2 a the spectra of 
imidazole cobalamin was similar to the spectra of bis imidazole cobinamide as 
shown in fig. 5.10 (a and b). This indicates that there is no great difference between 
Im and Bzm. The change in the optical density in these two cases is similar and also 
the difference in the wavelength is about 0.5 -1 nm.
An attempt was carried out to determine the log K for ImH trans to NH3 . It was 
difficult to get the optimum conditions because of the slowness of this reaction
117
Figure 5.8: The UV-Vis. spectra of the titration of Vit. B i2a with pyridine
0.5
<X
-0.4- 0.8- 1.6
-0.5
log [Py]
Figure 5.9: The log-log plot of the titration of B i 2 a with pyridine.
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iFigure 5.10a: The UV-Vis. spectra of DACbi (1) , monoimidazole (2) and 
bis imidazolecobinamide (3)
— 2
Figure 5.10b: The UV-Vis. spectra of Bj2a (ü and imidazolecobalamin (2)
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DISCUSSION:
Fig. 5.11 shows the relationship between log K of these compounds (N3 ", 
MeNC, and NH3) versus log K q^. This figure shows that a good linear plot was 
obtained in each case of these three cases from methyl to H2 O. This indicates that 
there is no effect of the charge on X alone because these compounds give a good 
linear plot by increasing the Lewis acidity i.e. the effect of the charge can be 
discounted. These three compounds were chosen to show that the LFER has been 
established in the case of one anion and two neutral compounds which can provide a 
framework for comparing other metal ions
Section 5.2.1 showed the results of the coordination of primary amines with 
DACbi. This section shows that the primary amines give a base line veryifing the 
general equation log K =a.pK +b, where (a) «1.1 and (b) equals -3.88 . This base line 
seems to be normal (within the experimental error due to the competition from OH" 
and also the interference between Kjand K2 ) because the value of the slope falls on 
the linear relationship obtained before (fig 4.18) and also the base line goes 
approximately through the focal point with the other three base lines established in 
chapter 4 in the case of methyl, vinyl and cyanocobinatnide.
The results obtained in the case of B i2 a aminoacetonitrile, Bromo 
ethylamine and trifluoroethylamine seem slightly anomalous because the value of 
log K lower than the expected value from the order of the trans effect by one log K 
unit and also the slope is steeper. The suppression of log K & slope (a) may be 
related to the presence of Bzm in the axial position (bulky group) as suggested by 
Glusker [117] with respect to the folding which may increase the lateral steric 
compression on the NH2 R ligands.
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Figure 5.11: Plot of log K versus log KQ]^in the case of MeNC, NH3 , Ng", CN 
Data from References 8 and 51,
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There is an obvious anomaly in the case of 5 and 6 -membered ring (ImH and Py) 
with B%2a DACbi. The values of K in these cases are lower (2 -3 log K unit) 
than the expected values (from the plot of log K qn  Vs. log K, fig 4.1).
It has been shown in sections 5.2.3 and 5.2.4 that the log K2  of ImH (5.2) 
with DACbi near to log K in the case of ImH with Bi2a (4.6). This suggests that the 
additional steric bulk of Bzm over ImH is not important and that either the difference 
in the trans effect of Im/Bzm > H2 O is irrelevant or reflects two compensating 
effects.
The UV-Vis. spectrum of Bi2a is equivalent to the spectrum of DACbi + one 
ImH and also the spectrum of Imidazolecobalamin (Bi2a ImH) is equivalent to the 
spectrum of bis imidazolecobinamide. This is another evidence to show that there is a 
great similarity between ImH and Bzm and not H2 O. It has been observed also in 
section 5.3 that the value of log K j> log K2  by 0.6 in the case of Py but in the case 
of Im, the values ofK i«K 2  and log K p  log K2  > 1 in the case of aminoacetonitrile ( 
similar pK of Py).
This suggests that these anomalies are related to the structure of the 
nitrogenous bases and the corrinoids. X-ray data on Fe Porphyrin showed that the 
dpe-N bond length in the 6 -coordinate low spin Fe(III) porphyrin tend to be shorter 
for ImH than for Py and also it has shown that by ruffling of the porphyrin ring 
between the a-CH on both ImH & Py and the porphyrin ring. It is known that when 
X (the ligand in the trans position) varies from CN to Bzm to H2 O, the effective 
nuclear charge on Co atom increases. This followed by shorter Co-L bond length. 
Therefore, stronger repulsion arises both for the Co (t2 g) and the lone pair on the 
equatorial N atom. This repulsion leads to any expected increase in log K value due 
to the trans effect would tend to reduced as shown in fig.4.1 when the repulsion 
increase.
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The suppression of log K (expected) was remarkable in the case of 
heterocyclic with cobalamin and H2 O and much less in the case of NH3 and NH2R.
The established base line in the case of amine and Vitamin B%2a shows that 
the values of log K for NH2NH2  and NH2 OH are above the line by 1 -2 log K unit. 
This was ascribed to so called a-effect. Also, it has been observed in the case of 
NH2 OH with DACbi. Therefore, the so called a-effect has been established in all the 
cases of corrinoids (X= Me, V, CN, Bzm and H2 O). These results show that the 
operation of a-effect is independent to the nature of X.
5.4 SUMMARY AND CONCLUSION:
The results presented in this chapter show the following points:
(1) The validity of the general equation log K =a.pK +b in the case of amines with 
DACbi. Also, a base line has been established for the amines with Bj 2a-
(2) Hydrazine and hydroxylamine show an enhancement of log K above the base 
line. This was ascribed to the so called a-effect. This operation does not depend 
on the nature of X.
(3) There are anomalies for ImH and Py in the case of B%2a (X= Bzm) which was 
ascribed to the increased steric compression caused by the presence of Bzm in 
the axial side chain. This anomaly had a little effect in the case of amines.
(4) The values of log K for the coordination of ImH and Py with X= H2 O, Bzm,
ImH and Py are all lower by 2-3 log K units than those obtained from the order of 
the trans effect. It is suggested that for X = H2 O, the expected values are reduced 
by increasing the repulsion caused by the decrease in Co-N bond length 
associated with the increased Lewis acidity.
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6.1 INTRODUCTION:
6.1.1 Formation of the Co-C bond :
In the previous two chapters we have been interested in examining how the 
reactivity of the Co ion towards typical ligands or nucleophiles (as measured by their 
equilibrium constants log K for coordination) varies as the trans ligand X is changed 
from X= H2 O (leaving a high effective charge on the Co) down to X= Me (where the 
Me-Co unit behaves more like Co^*^). It would therefore be of great interest to see if 
and how the reactivity towards electrophiles such as Mel (in this case measured by 
their rate constants), which is characteristic of Co"^  at the other end of the valency 
scale, may be varied as the effective nuclear charge is further varied over the span 
from Co^*  ^down to Co"*" by the addition of good donor ligands to Co(II).
In contrast to the cobaloximes [139], the Co corrinoids show little or no 
capacity for Tc-bonding to axial ligands in any oxidation state (see section 6.34). 
Therefore, the change in nucleophilic as well as electrophilic character can be studied 
without interference or complications due to 7t-bonding effects.
The formation of Co-C bond can be achieved by several methods such as 
reaction of Co(I) corrinoids with electrophilic reagents such as Mel [139], reaction of 
Co(II) complexes with radicals such as Me [140] ( photolysis of methyl cobaloxime 
under nitrogen and in presence of Co(II) produce some methylcobalamin) and of 
Co(III) complexes with nucleophilic reagents such as LiMe [141].
Blaser and Halpem [142] have studied the kinetics of the slow reaction of 
Co(II)-Cbl with various RX in aqueous solution and in methanol. They found that 
several RI in aqueous solution exhibited a rate law not observed with any non
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corrinoid Co(II) complex, namely first order in [RI] but second order in [Co^* ]^. The 
rate was pH independent from 4-7, but showed an inflection with pK =3 
corresponding to the pK for protonation and displacement of Bzm in Co(II).
Schrauzer and co-workers [139] have studied the kinetics of alkylation of 
Co(I) and certain other Co(I) complexes by alkyl halide according to reaction of 
Co(I) +MeI to produce [C0 -CH3] +1". They found that the rate of reaction in the case 
of CH3I was 3.4 xl04 mol" 1 sec"T h ese  studies showed that the alkylation of Co(I) 
complexes and Bj2s occurred by an SN^ mechanism. Comparison between the 
Co(I) and other nucleophiles established that Co(I) complexes are the most reactive 
nucleophiles known.
It was found that CH3 Cbl can be formed from CH3 I and H2 Û-Cbl in 
presence of thiols and sulphide [8]. In spite of seven thiols and variety of alkylating 
agents (Me, Et, PrI, CICH2 COOH, CH3 -tosylate) have been used [143], a few 
mechanistic details have been given in the literature.
Dolphin and Johnson [143] showed that the high rate was observed with 
Co(II) +H2 S while no significant reaction was observed with Co(II) prepared in the 
absence of thiols. It seems unlikely that this reaction involves the intermediate 
formation of Co(I) because the alkylation was observed at pH 2-3 where the reducing 
power of thiols is repressed by 2RSH =  RSSR + 2e" + 2H" .^
Pratt, J M in his recent review [9] has mentioned the different ways of 
formation of Co-C bond through the different valency state of Co atom.
Further studies of the mechanism of methyl transfer to and from the Co may 
tell us both about Co-ligand interactions in general and about B 12-riependent 
enzymatic reactions in particular.
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6.1.2 Thiols as ligands and reductants:
Thiols are potentially reducing agents as well as ligands. There are many 
ligands known to coordinate to the Co(III) ion in the corrinoids through a sulphur 
atom [8] . Also, there is evidence for the coordination of Co(II) by thiol at low 
temperature [144].
Thiols have a special importance among the reducing agents because they 
are milder reducing agents and play a great role in the primitive environment. 
Dithiols are of interest, as it is known that some proteins contain two thiol groups 
close to each other which appear to act in concert [145], one of the functions of these 
groups being to transfer electrons.
Thiols may lose a proton with a pK^ =9 to give the thiolate 
i.e.RSH <=> RS- + H+
In the case of dithiothreitol the pK =9.12 [146], mercaptoethanol 9.43 [145].
The oxidation reduction reactions are controlled by the E°. However, there 
is a paucity of information of the E° values of thiols. Thiols in any case tend to 
undergo one electron transfers to give the thiol radicals [145] and the E° value for 
the reaction RS" o  RS* + e  would be of greater relevance.
There is some evidence to show that thiol radicals are actually found as RS=SR 
which has a three electrons two electron bond [145, 147, 148] because the rate of the 
reaction RS + RS" <=> RS=SR is rapid ( K> 10^ M"^s"l) [145]. This is 
apparently more stable than the simple radical. In the case of dithiothreitol, this 
species can be formed intramolecularly [148]. This would result in a six membered 
ring which would confer additional stability. The radical species also has a pK^. It 
has been reported as being 5.5 [145] and refers to the following reaction.
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We shall conclude that RSH act as reductants to Co(II) and as a ligand, 
therefore there is a need to separate the two functions by replacing RSH as reductants 
by another reductants to reduce Co(III) to Co(II) such as formate [149], then testing 
the role of RSH as ligand.
6.1.3 The Aim of the work :
The main aim of this chapter is to establish the mechanism of méthylation of Co 
corrinoids by Mel in the presence of thiols which is of potential relevance to 
enzymatic methyl transfer and may provide an example of modulating the 
nucleophilic character of the Co ion by varying the axial ligand through a qualitative 
studies of the effect of varying the corrinoid, the thiols, the alkylating agents and pH. 
This will be followed by a quantitative kinetic studies. An additional aim is to test 
whether CO coordinates to Co(I) and Co(II) ± RSH as evidence for 7c-bonding in 
lower valencies of Co.
1 2 8
6.2. EXPERIMENTAL:
6.2.1 General Comments:
As already mentioned in chapter 4 when the equilibrium constants with 
methylcobinamide were determined and because methylcobinamide is highly light 
sensitive, great care was taken to protect against the photolysis of this compound by 
light. The cell was covered by aluminium foil during the addition of the alkylating 
agent and the light was off during the addition and the kinetic run. A tungsten lamp 
was used to check the effect of light on the product.
A special cell was used to minimise the presence of Oxygen in the cell, 
especially in the case of formate ( there is a possibility of formation of stable yellow 
corrinoids due to the formation of some radicals) as a reducing agent where a 1 cm 
spectrophotometric cell is connected with another short tube through a bridge, and 
both stoppered with a rubber stopper. The corrinoid in the cell, and the reducing 
agent in the other tube were deoxygenated before the addition of the reducing agent 
and before the alkylating agent . This cell arrangement was very important, to 
prevent the formation of stable yellow corrinoid as a by product produced as a result 
of the presence of some radicals in the solution.
The following diagram shows the cell
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6.2.2 Product Analysis:
UV-Vis, spectrophotometry and thin layer chromatography on cellulose were 
used to identify the products. Comparison of the methylcobinamide prepared by 
normal method (Co (I) + Mel) and methylcobinamide prepared from Co(II) thiols 
were made. Thin layer chromatography (TLC) on cellulose was performed using the 
following solvents: BUOH-H2 O and BUOH-H2 O -NH3 . For relative Rf value (see 
section 2.1.1 ), B%2 was used as a reference compound [56].
Stable yellow corrinoid was identified by UV-Vis. spectrophotometry. It 
gives a characteristic band at 460 nm and in the presence of cyanide and light this 
band moves to 485 nm.
6.2.3 Determination of the rate constants:
3 mis of the corrinoids solution (DACbi or Bi2a) the required pH using 
0.2 M of the suitable buffer (section 2.1,4) were pipetted into a spectrophotometric 
cell (path length usually 1 cm except otherwise stated). The solution in the cell was 
deoxygenated using nitrogen gas and then the required concentration of the reducing 
agent (thiols or formate) was added after deoxygenating the solution, then the cell 
was capped with a rubber stopper. Reduction of the cobinamide to Co(II) complex 
was usually complete within 10 second in the case of thiol. Reduction times vary 
somewhat and depend on the concentration of thiol, also the time of reduction varies 
from cobalamin to cobinamide.
Kinetic runs were followed on a PU8740 or PU8720 spectrophotometer at a 
wavelength of greatest change in the spectrum (the wavelength has been determined 
from the preliminary qualitative experiments). The kinetics were followed from the
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rise in absorbance at 375 nm (i.e. near to the y-band of Methyl cobinamide [8]) using 
6x10"^ mol dm"^ Co, 8x10"^ mol dm”^  DTT and 0.025 mol dm“3 Mel at pH 6.0 as 
standard conditions and varying each parameter in turn. The pure methyl iodide was 
injected into the spectrophotometric cell with a micro syringe. The cell was quickly 
shaken and placed into the cell compartment of the spectrophotometer within 5 
seconds. The absorbance was monitored as a function of time. Usually the halide was 
employed in 1 0 -1 0 0  fold excess to make the reaction pseudo first order.
The solubility of Mel ca 0.2 M [150, 151], a qualitative experiment was 
carried out to determine the solubility of Mel. No turbidity was observed on addition 
of different concentrations of Mel up to 0.2 M. Therefore, the solubility of Mel is 
about 0.2 at 25 °C.
The data of the reaction performed under pseudo-first order conditions were 
transferred from the spectrophotometer to the computer directly . Then, a special 
programme called KINl. A weighted least squares treatment was applied to the data 
and the standard deviation of the rate constants calculated. The programme provides 
a linear plot of In AfAoo against time with slope = k and the standard deviation.
6.3 RESULTS:
6.3.1 Qualitative Studies:
Many reducing agents have been used to reduce Co(III) corrinoids to Co(II) or 
Co(I). Sodium borohydride has been used only to prepare Co(I) which is required to 
prepare alkyl cobinamide or cobalamin as standard compounds, it reduces Co(III) to 
Co(I) very easy and within 2 minutes.
Zinc and acetic acid have been used to reduce Co(III) to Co(II) but in this case 
the reduction process was very slow and always mixture of Co(III) and Co(II) was
131
obtained. Sodium formate has been used as reducing agent also but in this case the 
solution should be deoxygenated for 10 minutes before adding formate to avoid the 
presence of radicals which can form stable yellow corrinoids. The reduction process 
in the case of formate takes about 10 minutes and traces of Co(III) are present, but 
disappear over time. Ascorbic acid has been checked as reducing agent but it was 
found that stable yellow corrinoid has been formed dut to the presence of radicals.
Thiols are efficient reducing agents, they can reduce Co(III) to Co(II). 
Dithiothreitol (DTT), Mercaptoethanol (ME) and Thioglycolic acid (TG) have been 
used as reducing agents. By adding thiol (dithiothreitol, mercaptoethanol or 
thioglycolic acid ) to Co (III) cobinamides, a final spectrum with band at 470 nm was 
observed as shown in fig. 6.1 which indicates that Co(II) cobinamide has been 
fonned. The reduction takes place very rapidly within 20 seconds in the case of 
cobinamide at pH 6 and is a little slower in the case of cobalamin at the same pH. 
The reduction process in the case of cobinamide depends on the pH. At low pH (ca 
1-4), the reduction process takes about 30 seconds.
It was found that by adding Mel to the Co(II) prepared fi*om thiol, it gives a 
spectrum similar to the spectrum of methyl cobinamide. A new band at 375 nm has 
been observed, and also the band at 470 nm has split to another band at 460 nm and a 
shoulder at 500 nm as shown in fig. 6.2.
The rise in absorbance at 375 nm (near the y-band of methyl cobinamide) 
was chosen to follow the kinetic run because the overall change or the greater change 
was observed at this wavelength.
The previous experiments (addition of Mel to Co(II) cobinamide) have 
been carried out in the case of aquocobalamin (vitamin B i2 a)> ^  presence of thiols
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Figure 6.1: The UV-Vis. spectra of Co(IÏ) cobinamide (using DTT as reductant).
Figure 6 .2 : The UV-Vis. spectrum of Co(II) (------- -) and of methyl
cobinamide produced from Co(II) in presence of DTT (—
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(DTT, ME). The rate of méthylation was very slow compared with the rate in the 
case of cobinamide. Also, it has been observed that Co(II) cobalamin produced from 
the reduction of Co(III) cobalamin by using formate or Zn/CHgCOOH gives methyl 
cobalamin after 12 hours from the addition of Mel. Stable yellow corrinoid has been 
formed as a side product. Therefore, the order of reactivity towards Mel with the 
formation of MeCbl or MeCbi: Co(II)Cbi +RSH (DTT, MB or TG all comparable» 
Co(II) -Cbl +/- RSH no significant effect of RSH »  Co(II)-cbi alone (no detectable 
reaction).
When Mel added to Co(II) cobinamide (produced from Co(III) cobinamide 
by using mercaptoethanol or thioglycolic acid) methyl cobinamide was formed but 
the rate is slightly slower by about 20 % than the rate in the case of dithiothreitol. It 
was difficult to check the méthylation reaction of Co(II) cobinamide in the case of 
H2 S because the solution of corrinoids gets turbid, in the mean time there are no 
pronounced peaks observed in this case. DTT was chosen for the quantitative 
experiments because it is not volatile, the rate of méthylation is faster than in the case 
of other thiols and not smelly.
The reaction of Mel and Co(II)cobinamide-thiol was carried in the case of 
Ethyl iodide (EtI) and lodoacetate as alkylating agents instead of Mel. By adding EtI 
to Co(II) at pH 6  in presence of DTT , bands at 375 nm, shoulder at 440 nm and a 
shoulder at 466 nm were observed which were similar to the bands of parent 
ethylcobinamide (prepared from Co(I)) except the bands at 440 nm was not 
pronounced. The product is light sensitive which indicates that alkyl cobinamide was 
formed after ca. 30 minutes. By adding lodoacetate to Co(II) at pH 7 in presence of 
DTT, the product was formed after 10 minutes with characteristic bands at 420 nm 
and 468 nm. There is a slight difference in the spectra of these compounds and the
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reference compounds which were prepared by alkylating Co(I), This suggests that 
two isomers of alkyl cobinamide (ethyl or lodoacetate) were formed. The products of 
alkylation were checked by adding CN in presence of light and O2  and the product 
was mainly Dicyanocobinamide. The reaction was not pursued further because of the 
difficulty of separating the two isomers from each other.
6.3.2 Product Analysis:
A concentrated sample (3 ml, ca,10“^  M) of methylcobinamide was prepared 
from Co(II)cobinamide in presence of DTT and then purified by phenol-chloroform 
extraction. This sample was identified by comparing the Rf of this sample with the 
Rf value of another sample of methylcobinamide as a reference (prepared by the 
normal method Co(I) + Mel) and also by UV-Vis. spectrophotometry. The UV-Vis. 
spectrum of the product was similar to the spectrum of the reference sample of 
methyl cobinamide ( bands at 375, 462 and shoulder at 500 nm) (see fig. 6.2). TLC 
of the product at pH 6  has showed one spot with Rf B 12 -5 in solvent II for both of
the sample and the standard sample and Rf b 12 =1-25 in solvent III for both samples 
[56]. This indicates that the compound prepared by méthylation of Co(II) in presence 
of thiol is methylcobinamide and is pure >98% .
6.3.3 Quantitative Kinetic Studies:
The effect of pH and the concentration of DTT, Co and Mel were studied in 
turn. Except where otherwise stated, all the reactions exhibited good isobestic points 
and gave methylcobinamide as the product. At least duplicate experiments were 
carried out for each run.
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The reaction of 8x10"^ M Co and 8x10~^  M DTT with 0.025 M Mel was 
studied over the range of pH 1-10 using the appropriate buffers (see section 2.1.4) 
Good isobestic points were observed at pH >3. At low pH 1-3, there are no good 
isobestic points and stable yellow corrinoid was formed because a band at 485 was 
observed when CN was added to the product in presence of light and oxygen.
The variation of k when the pH changed from 3.2 - 8  is shown in Table 6.1 and the 
rate is clearly pH independent in this range.
Table 6.1
Effect of pH on the rate constant of the méthylation reaction 
of Co(II) in presence of thiol
pH k x l02  M"ls"^ SOc)""
3.2 1.25 1.8 %
4 1.4 0.8 %
6 1.58 1.7 %
8 1.65 2 %
* S(k) is the standard deviation of k.
The reaction of 7 x lO"  ^M Co(II) with 0.025 M Mel in presence thiol was 
carried out at pH 6.0 and using a wide range of [DTT] from 1.57 xlO‘^M to 0.03 
M. Below 1x10"^ M, there is no isobestic point and the product seems to be a stable 
yellow corrinoid. The values of k obtained at different concentration of DTT are 
listed in Table 6.2 and plotted in fig. 6.3. The plot of kgbg vs. [DTT] gives a
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hyperbolic curve reaching a limiting value of the first order rate constant k i= 1 .8x lO “2 
]y[“ls"l at high [DTT] with 50 % of the maximum rate observed at 4x10 “^  mol dm “3 
DTT (see fig. 6,3). This correspond to an apparent equilibrium constant k' = [CoII- 
DTT] / [Coll] [DTT] = 2.5 x1Q2 dm^ m ol'l.
Table 6^2
Effect of [DTT] on the rate constants of the méthylation 
reaction of CoQl) in presence of thiol
[DTT] xlO-3 M k x l 0 “2 M “ls" l S(k)
1.18 0.59 3.9 %
1.57 0.6 3.0 %
1.96 0.58 5.0 %
2.34 0.72 2.7 %
3.2 0.86 4.0 %
3.8 0.85 3.5 %
7.4 1.2 2.3 %
10 1.34 2.1 %
11 1.4 3 .0 %
13 1.5 3.8 %
19 1.68 2.7 %
30 1.70 2.0 %
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Figure 6.3: Variation of the observed pseudo-first order rate constant with the 
concentration of added DTT. Data from Table 6.2 page 137
Two different concentrations of cobalt were used, viz. 2x10"^ M cobalt in 
a 4 cm spectrophotometric cell and 1.4 xlO~  ^M in a 1 cm spectrophotometric cell 
together with [DTT] =8x10"3m, pH =6.0 and 0.025 M Mel. The values of k were 
1.2 x 10“2  and 1.6 xlO"^ respectively, i.e. the rate constant does not depend on the 
concentration of cobalt.
The effect of [Mel] on the rate of the méthylation of Go(II) in presence of 
DTT was studied at pH 6 with 6x10"^ M cobalt and 0.018 M DTT at 25 °C. The 
range of concentration of Mel was from 0.01 to 0.06 M and the k values remained 
constant within the range of 1.4 -1.7 xlO '^M 'ls'l (S(k) =1.5 -3 %). Stable yellow 
corrinoid was formed at low concentration of Mel, i.e. <0.0 IM and in these cases 
there was no good isobestic points.
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6.3.4 Coordination of thiols and CO :
Adding increasing amounts of DTT to the Co(II)-Cbi at pH 6.0 in the 
absence of Mel causes small changes in the spectrum (fall in the ^max. 475 nm 
and small shift in the A,max. 405 to ca. 400 nm). Examining the spectra of the 
Co(II) alone and after adding different concentration of DTT showed that 50% 
formation was at 5x 10"3 M DTT which gives an approximate value of equilibrium 
constant K ca. 2x10^ dm^ mol“l in agreement with the kinetically detennined value 
of 2.5 xlO^. This shows that thiols can coordinate to Co(II) ; analogous Co(II)-RSH 
complexes are already known [144].
Qualitative experiments were carried out on Co(I) and Co(II) cobinamides to 
check the role of Ti-bonding using CO as an acceptor. No change was observed in the 
spectrum of Co(I) at pH 7 (using sodium borohydride to reduce Co (III) to Co (I)) 
after bubbling CO for 10 minutes. The same experiment was carried on Co(II) at pH
6.0 (using formate and DTT as reducing agents to reduce Co (III) Chi to Co(II) Cbi ) 
and no change in the spectrum of Co(II) was observed. This suggests that there is no 
significant role of 7i-bonding in the case of Co corrinoids.
6.4 GENERAL DISCUSSION!
It was found that the C0 -CH3 bond was not formed when Mel was added to 
Co(II)Cbi produced in the absence of RSH by another reducing agent such as Zn/ 
CH3 COOH or formate. This experiment shows that the méthylation of Co(II) is a 
unique role of the thiol.
The general order of rate of méthylation of Co(II) by Mel is Cbi +RSH > Cbl +/- 
RSH > Cbi without thiol (no detectable change). The quantitative kinetic studies
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(6.3.3) showed that the rate is independent of both [Co] and pH. This suggests that a 
third pathway distinct from the mechanism proposed by Blaser and Halpem [142] 
which is a second order in cobalt concentration and Cbl > Cbi. This mechanism is 
also different from the mechanism which involve Co(I) and would require a HO" 
dependent rate of reduction in accordance to the following equation:
Co(n) + RSH 5 = ^  Co(I)+l/2RSSR+H+
The presence of a coordinated base in the case of vitamin B j2  explains the 
absence of any significant analogous reaction with Co(II)-Cbl; the reaction reported 
for the cobalamins in presence of RSH [143] was for reasons not given, carried out at 
pH 2.5 where the base is protonated and displaced from coordination. Under these 
conditions the cobalamins behave as the cobinamides. (pK for protonation and 
displacing the Bzm in Co(II)-cobaiamin is ca. 3),
All the kinetic runs followed first order kinetics for at least two half-lives. 
The values of the pseudo-first order rate constant kobs were essentially independent 
of pH (3-8) and of [Co] but limiting values were obtained with both DTT (fig. 6.3) 
and Mel (constant over 1-6x10"^ mol dm"^ Mel, Mel soluble in water up to ca. 0.2 
mol dm"^). This suggests a reaction with some adducts (Co.RSH.Mel) as the key 
intermediate.
It was observed that there is a small change in the spectrum of Co(II) by 
adding high concentration of DTT in absence of Mel (fall in the Xmax. 475 nm 
and small shift in the 6 "om 405 to ca. 400 nm). The value of equilibrium
constant K ca. 2x10 ^ dm^ mol"l in agieement with the kinetically determined value 
of 2 .5  xlO^ (this value calculated from the concentration of DTT at 50% formation).
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Attempts to detect some interaction of Mel and Co(II) in absence of thiols 
were unsuccessful, but not surprising to expect even smaller change in the spectrum 
(perhaps not even detectable) and impossible to avoid small changes in spectrum due 
to traces of oxygen. It is known that Co(II) is five coordinates [16, 17] and the vacant 
site is surrounding by hydrophobic groups [117]. Therefore there is a possibility of 
interactions with a polarisable hydrophobic molecule like Mel.
The initial step of this reaction can be written as:
(a) RSH+ (-=kRS* + H+) + Co -Me +1'
RSH -C o(n) + M el------------->
(b) RSH + Co-Me + 1 •
this will be followed by further reactions of the radicals RS* or I*.
Use of < 1x10"3 mol dm“^ DTT or < lO'^mol dm'^Mel caused the loss of isobestic 
points and/or gave final spectra similar to those at pH <3, thereby preventing the 
determination of valid rate constants. Treating these products Avith CN" in presence 
of light and O2  produced a pronounced band at 485 nm (as well as those belonging 
to dicyanocobinamide, 367, 540 and 580 nm) characteristic of a "stable yellow 
corrinoid [8, 152], i.e. shows the occurrence of side-reactions which are suppressed 
by high concentrations of Mel or DTT.
The reactivity of the Co ion towards Mel increases as follows: 
there is no reaction between Mel and Co(II) cobinamide but it is very slow in case of 
Co(II) cobalamin ( X= Bzm, it involves a dimer). Co(II) cobinamide + thiols gives a 
reasonable rate of reaction compared to Co(I) which is very fast. This shows that the 
coordination of a good donor RSH to Co(II) gives it some of the nucleophilic 
character of Co(I) ( as well as the possibility of a readily formed radicals RS* ).
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There is no any detectable change in the spectrum of Co(I) or Co(II) after 
bubbling CO. This suggests that 7t-bonding plays a little role in the lower valencies 
of Co, that in considering the effect of the trans ligand in changing the electron 
density on the Co ion from DACbi to Co(I) and its resultant change from strongly 
electrophilic to strongly nucleophilic. This effect can be ignored.
6.5 SUMMARY AND CONCLUSION:
The results obtained in this chapter establish the méthylation of Co(II)-Cbi 
by Mel in the presence of RSH as a third pathway distinct from those which involve 
reaction with Co(I) or with Co(II) alone and which involves reaction within some 
adduct of the [RSH—Coll] complex with Mel. Also, indicates that Co(II) in presence 
of thiol gives some of the characteristics of Co(I).
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7.1 Introduction:
The aim of the work in this thesis was to study the interplay between changing 
the Lewis acidity of the metal ion (e.g. Co (III)) and the Lewis basicity of the ligands 
(e.g. series of nitrogenous bases). This can be obtained by changing the ligand X in 
the trans position of Co(III) from Me, V, CN, Bzm to H2 O and studying the 
stoichiometric equilibrium constant for the substitution of coordinated water by 
series of nitrogenous bases having a wide range of pK's. It was of interest also to 
study the relationship between log K (determined experimentally by spectro 
photometric titration), pK (from the literature) and the trans effect which is well 
know in Co(III) corrinoids.
It is known that the value of log K changes by changing the ligand in trans 
position. Log K^N was chosen as a quantitative measure of the trans effect because 
the value of log K for the coordination of CN are available for all the corrinoids, CN" 
is a ligand with minimum steric requirements and also CN" is very sensitive indicator 
to the corrinoids. The plot of log vs. log Kg gives a linear plot with slope and 
intercept vary from ligand to another (see for example fig. 5.11 in the case of 
CH3NC, CN", N3” and NH3 ). We can chose this way (log K q n  vs. log Kg) or the 
plot of pK vs. log K to examine the relationship between log K on both pK of the 
ligands and the trans effect of the metal ion. The second way (plot of pK vs. log K) 
was chosen because there are many nitrogenous bases available and also the LFBR's 
are well known. Therefore, this plot will be used to form the grid of (log K - pK - 
trans effect) relationship in the case of Co(III) corrinoid complexes. Log K(]%q vs. log 
Kg can be used with other ligands when pK values of the compounds are unknown 
(e.g. RNC) or a family of ligands include only a single member such as CN" or N3 "' 
(see fig. 5.11 as example of this type of plots)
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Three families of nitrogenous bases were chosen for the equilibrium studies:
(i) The amines RNH2  ( sp^),
(ii) 6-membered heterocyclic compounds (sp^) include 4-substituted pyridine to 
avoid the steric effect and this family can be extended to includes the diazines.
(iii) 5-membered heterocyclic compounds (sp^) include imidazole, 1,2,4- triazole, 
their conjugated anions and some of the imidazole derivatives.
The basicity effect was studied in the case of amines and 6-membered
heterocyclic compounds (i and ii) using a limited range of pK but little work was
carried out on 5-membered heterocyclic compounds, one of the aims of the work was
to study the basicity (pK) of the above three families to establish the base line which
could be used to probe some bases from these series and to quantify the decrease in
log K values due to the steric hindrance or to check any enhancement of log K values
in the case of some compounds containing 1,2 dinitrogen adjacent to each other
which is known in the organic chemistry by the so called a-effect.
All the products of nitrogenous bases and MP-8 show spectra typical of a low-
spin complex, the main (Soret) band is situated at 404-5 nm with the neutral azoies,
(cf. simple primary amines 403-4 nm, most Py's and diazine 403-5 nm) and at 407
nm with two azolate ions (cf. amines possessing a benzene or indole ring in the side-
chain 405.5 - 406 nm, 4 -NH2 - and 4-Me2N-Py 406-7 nm). Also, the products of 
nitrogenous bases and ACCbi give similar spectra and the Xy varies from 360 to 363
in the case of Py's or ImH's and 357-359 in the case of amines. Analogously, the 
spectra of the final products of nitrogenous base and methyl or vinylcobinamide are 
similar. The l y  equals 373- 375 nm in the case of Py's, 374 (ImH) and 377 when
imidazolate coordinates vinyl and 380 nm for methylcobinamide. The order of 
increasing the wavelength agrees with order of the trans effect. The similarity in X 
juax. in the general shape of the spectrum suggests a general similarity in the
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nature of the Fe-N or Co-N bond in all three series, which allows direct comparisons 
to be made from the values of log K.
The results obtained during the course of this work were presented in chapters 
3-6. Chapter 3 deals with the equilibrium studies on Fe(III) MP-8  where the 
minimum steric effect before the studies on Co(III) corrinoids (chapters 4-6). 
Basicity, steric and so called a-effect were studied in parallel. In the next section of 
discussion, the basicity will be discussed first and then the steric and so called a- 
effect will be discussed.
7.2 Linear (log K- pK> relationships a s structural components;
Three different series of nitrogenous bases were studied with Fe(III) MP-8  and 
Co(III) corrinoids complexes. These three series have established three base lines 
which are characterised by a wide range of pK's ( in the case of amine, pK 5.3 -10.6; 
6 -membered, pK from 0.37 to 9.76). In the case of 6 -membered heterocycles, the 
base line includes the 1,3 and 1,4 diazines within the range of the experimental error, 
see for example section 4.4.3 in the case of silver diazines complexes. The pK range 
in the case of 5-membered was from 2.3 to 14.3. (see appendix I for a list of these 
compounds and their pK values). These base lines verifying the general relationship 
log K = a.pK +b. The base line for primary amine and 6 -membered heterocyclic 
compounds was found before in some cases such as Co(II) porphyrin and Ag"  ^with 
limited range of pK but this is the first time to establish a base line for 5-membered 
heterocyclic compounds with a wide range ~ 12 pK unit for any metal ion.
The linear relationship (log K = a.pK +b) was verified in the case of Fe(III) 
MP-8  and with all Co(III) corrinoids using the nitrogenous bases except in the case
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of bulky heterocyclic compounds with Co(III) corrinoids containing X=Bzm and 
H2 O where there is a significant steric effect (see fig. 4.1). For each particular metal 
ion Fe(III) or Co(III) corrinoids with X= Me, V and CN, the three established base 
lines in the case of the three series of nitrogenous bases are nearly parallel to each 
other. In the case of MP-8 for example, the slope of these straight lines (a) are 
similar and equal 0.34, 0.36, 0.43 for 5-membered, 6 -membered heterocyclic
compounds and amines respectively. This indicates that the Ti-bonding plays no 
significant role. The value of the intercept (b) falls (2.1, 0.8, -0.5) in the case of 5- 
membered, 6 -membered heterocyclic compounds and amines respectively. Therefore 
there is a difference between the base line of 5-membered and the base line of the 6 - 
membered which distinguish the 5-membered and 6 -membered family fi*om each 
other.
The data obtained for the nitrogenous bases showed the relative importance of 
factors which lead to the high log K for Fe(III) porphyrin with ImH (or His) over 
NH3 (or Lys) are "the group specific factor" > pK > 7t-bonding.
7.3 Grid of Hog K -pK - Trans effect 1 interactions in CofTIH corrinoids:
The relationship between log K for MeNC, NH3 , N3 ", CN" versus log K q n  
gives a linear plot in each case and these straight lines pass very close to the origin 
(see fig. 5.11). Also, there is no any obvious break when the trans ligand changes 
from Me, CN to Bzm or H2 O ( as X varies from Me to H2 O, the Co ion becomes 
more electrophilic and exhibiting much higher values of log K). Therefore log K qn  
is a good working measure of the trans effect.
Fig. 4.1 showed that there are obvious anomalies in case of ImH and Py with 
vitamin Bj2a ^nd DACbi (the values of log K was less than the expected value from
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the order of the trans effect). The suppression in log K value in these two case was 
ascribed to the steric effect. Therefore the results of these two cases will be 
discounted from the following discussion.
The relationship between the slope (a) for each family of the nitrogenous 
bases versus the trans effect (log K qn) g&ve a good linear plot from X= Me to H2 O 
and these plots passing approximately through the origin (0 ,0). the slopes vary from 
ca,0.1 in the case of Me to ca.l in the case of DACbi ( X= H2 O) i.e. when X= H2 O, 
the Co(III) ion appears to exert a field as intense as that for H"^ .
The three base lines established in the case of Methyl, Vinyl and CN-Cbi 
(section 4.3.2 - 4.3.3) intersect in one point (x,y). In the case of 6 -membered 
heterocyclic compounds the focal point was (0 ,0), in the case of amines (1, -2 .0 ) and 
for 5-membered heterocyclic compounds (-2.3, 0). So, it is clear that the focal point 
varies from one family to another. When the focal points of amines and 5-membered 
ring shifted to the focal point of Py's because the focal point in this case is the origin 
(0 ,0), all the base lines for the three families intersect at the origin but the slope is 
different as shown in fig. 4. 19 (in the case of Py's and amines). This process has 
been achieved by adding 2 to the value of log K and subtracting 1 from the value of 
pK in the case of amines. In case of 5-membered heterocyclic compounds, the shift 
could be done by adding 2.3 to the value of pK.
Also, it was found that by tilting the Y axis the base line of 5-membered 
heterocyclic compounds superimposed with the base line obtained for 6-membered 
heterocyclic compounds (Tilting Y-axis was obtained by calculating the angle 0 
between the original line and the new straight line, then calculate the new value of Y
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The value of the slope (a) seems to be important parameter which shows a 
linear dependence on the nature of the ligand X according to the relation:
a =  C.X + d
The intercept (b) is however less important than the focal point. Therefore, there are 
four variables are required to explain the dependence of log K on both pK and trans 
effect for the nitrogenous bases. The first two variables give the coordinates of the 
focal point on the log K versus pK plot and the other two define the slope (a) in 
terms of the trans effect X as shown in the above equation. Further work will be 
needed to identify the factors which determine the coordinates of the focal points and 
the other parameters which determine the slope from the above equation.
The results discussed in section 7*2 and 7*3 obtained in the case of Co- 
corrinoids to examine the reactivity of the Co ion towards typical ligands or 
nucleophiles ( as measured by their equilibrium constants log K for coordination) 
varies as the trans ligand X = H2 O (leaving high effective charge on the Co) to 
X=Me (where the Me-Co unit behaves more like Co(II)). This section will 
summarise the data obtained for the reactivity of Co(II) towards electrophiles such as 
Mel which is characteristic of Co(I) at the other end of the valence state.
The results obtained (chapter 6) establish the méthylation of Co(II)-Cbi by 
Mel in the presence of RSH as a third pathway distinct from those which involve 
reaction with Co(I) and would require a HO“-dependent rate of reduction in 
accordance with the following equation:
Co(II) + RSH :^o(I) +1/2 RSSR + H+
Also, it is different from Co(II) alone (second order in Co(II) concentration ) with 
Cbl > Cbi. They suggest that a third pathway involves reaction within some adduct of 
the [RSH—Coll] complex with Mel; the immediate products are presumably Me-Cbi 
and either 1“ +RSH"'" (— RS*+ H"^ ) or I*+ RSH. The presence of a coordinated base
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explains the absence of any significant analogous reaction with Co (Il)-Cbl. This 
shows that Co(II) in presence of good donor ligand behaves as Co(I).
7.4 Comparison with other metal ions:
There are many basicity plots representing the general relationship log K = 
a.pK +b which have been reported in the literature on the basicity especially for 
substituted pyridine and amines but the majority were carried out in non aqueous 
solvents. So, there is no experimental test or theoretical guide-line to indicate how to 
relate (a) and (b) in different solvents. This section will discuss the metal ions which 
were studied in aqueous solutions including MP-8  to see the similarities to, or the 
differences firom, the patterns observed in the case of Co(III) corrinoids.
There is a great similarity between the values of log K in the case of AC 
Cbi [8] and MP-8  with nitrogenous bases, CN" and Ng" [44, 45]. Also, it has been 
shown that there is similarity between the absolute value of (a) in both cases and the 
relative value of (b). This shows the similarity between the CN (as an axial ligand), 
Co(III) (as a central metal ion) and a corrin ring in the case of ACCbi with His ( as an 
axial ligand), Fe(III) and porphyrin ring in the case of MP-8  .
Bruehlman R et al [1] determined the equilibrium constants of Ag"*" ion with five 
primary amines, three secondary amines and four pyridines using pH measurements. 
They have shown that Py's and primary amines lie on a single line with a=0.26 and b 
=0.6. The secondary amine fall on another straight line. The two lines for primary 
and secondary amines exhibit the similar value of (a), as found for Co(II) corrinoids 
and Fe(III) Porphyrin. The value of log K showed that the diazines lie on the same 
line as the pyridines (see section 4.4.3).
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The relationship between pK and log K (ferrocyanide and ferricyanide Kji 
and Kjjj with series of 5- and 6 -membered heterocyclic compounds include 
Imidazole, y-picoline, Py, isonicotinamide, pyrazine, and N-MethylPyrazinum iodide 
as ligands) gave an interesting pattern. A good linear plot including the 6 -membered 
heterocyclic compounds include methyl pyrazinum iodide was obtained.
Fig. 4.20 shows the relationship between pK and log K in the case of 
Fe(II) and Fe(III), the slope of the straight line =0.4 and the intercept equals 2.0. ImH 
lies above the line by 1.1 and this pattern similar to that obtained in the case of 
Co(III) CNCbi and Fe(III) MP-8 . In the case of Fe(II), the slope (a) found to be -0.07 
and the intercept (b)= +5.9. ImH falls on the same line with the 6 -membered 
heterocyclic compounds.
Simple equation was derived to calculate the slope (a) for some compounds 
representing one family by knowing the value of pK^, pK ,^ and pK^ determined 
experimentally, (see section 4.4.2) 
a = (pK a-pK c)/(pK a-pK b) 
i.e. we can estimate the value of (a) and assuming the existence of the linear 
relationship (1), from the experimentally determined value of pK^ for a single 
complex containing azole (e.g. ImH), while the derivation of similar or identical 
values of (a) from the pK^'s for the pair of azole complexes (with ImH and TrH) 
would provide direct evidence that the azoies obey relationship (1) for the particular 
metal ion.
The first application of this equation was in the case of the Ru(III) complex.
The value of pK^ for ImH and TrH in the case of the complex [Ru^(NHg)5BH] 
equals 8.9 and 4.3 respectively (I =3 xlO"^ and 0.1 mol dm“^ ). The values of pK^ 
and pKy are known (see appendix I). Applying equation (3) produces values of (a) 
=0.75 and 0.74. These values of (a) are self consistent and in spite of the difference
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in ionic strength, it seems reasonable to conclude that they demonstrate both the 
validity of equation (1) for azoies with this Ru^ "*" ion and utility of a method which 
can be applied to substitution inert complexes. The values of (a) is significantly 
higher for Ru '^*’ pentaamine (0.75) than for the Co^"^-CN-Cbi (0.4) or Fe^"  ^MP-8 
(0.32), showing that values of (a) can vary widely.
7.5 Steric effect and the g-effiecti
The established base lines especially in the case of amines and 6 - 
membered heterocyclic compounds showed the enhancement of log K in the case of 
NH2 OH, NH2NH2  and pyridazine (these compounds contain 1,2  dinitrogen or 
nitrogen and oxygen adjacent to each other) above the base line. This has been 
ascribed to the so called a-effect which has not yet been seen in the case of 5- 
membered ring. This is considered the first example which shows the presence of a- 
effect in the coordination chemistry. It was found that a-effect does not depend on 
the nature of X because the value of log K of these compounds ( NH2 OH, NH2NH2  
and pyridazine) are still above the base line in the case of methyl or vinyl 
cobinamide. So, by varying X from Me to H2 O, the a-effect is still present.
The established base lines showed also the suppression in log K values by 
1-3 log K unit in the case of a , (3-branching in amines and also 2-substituted 
pyridines. Therefore the base lines were used to quantify the decrease in log K value 
due to the steric hindrance. These two observations (a-effect and steric effect) were 
observed in the case of Fe(III) MP-8 and Co(III) corrinoids. This effect (steric effect 
in the case of a  or p-branching) have been studied with Ag’^ , HgMe"*', Co(III) 
corrinoids and aquated Ni(II) ion. Comparison between these data and the data on
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Fe(III) MP-8  shows that the Fe(III), d^ Co(III) and d^ Ni(II) ions are all sensitive 
to P-as well as a-substitution, while the larger d^^ Ag"  ^and HgMe"  ^are not.
It is interesting that the Ag(I) ions shows steric suppression of log K due to a- 
branching on amines but not to P-branching or 2-substitution in pyridine. Ag(I) does 
not show any enhancement in log K values in the case of pyridazine or hydroxyl 
amine.
7.6 Summary:
The data obtained during the course of this work and summarised in this 
chapter have provided the following points:
(1) Clear demonstration of the existence of systematic difference between the 5- 
membered azoies and 6 -membered azines as ligands (than previously reported for 
Co(II) porphyrin and Ag(I) ion)
(2) Demonstration of the operation of the a-effect in metal -ligand binding.
(3) Comprehensive demonstration of the validity of the simple relationship log K = 
a.pK +b which has been found to apply for every combination of metal ion and 
nitrogenous bases where steric effect is minimum.
(4) A study of the combined effect on log K of changing both the basicity of the 
nitrogenous bases and the acidity of the metal ion by exploiting the trans-effect in 
Co(III) corrinoids which showed a simple pattern in which (i) the values of slope (a) 
increases linearly with the trans effect (log Kc n ) (ii) for all the three families of 
nitrogenous bases the combined plot of log K versus pK for all trans ligands pass 
through a focal point (different coordinate for each family).
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APPENDICES
Appendix I;
The pK and the equilibrium constant values for nitrogenous bases with 
MP-8:
Ligand pK a LogK
Pyrazine Pyz 0.37 1.1
Pyrimidine Pym 1.1 1.3
Pyridazine Pdz 2.33 2.25
4-CyanoPyridme 4-CN-Py 1.9 1.4
Pyridine Py 5.17 2 .6 5 , 2 .7 3b
4-Methyl Pyridine 4-Me-Py 6.02 2.8
4-Aminopyridine 4-NH2Py 9.11 4.17
4-Dimethylamino pyridine 4-(Me)2NPy 9.76 4.58
2-MethyIpyridine 2-Me-Py 6 <ic
Imidazole ImH 7.1 4.38d
N-Methylaimidazole N-Me-ImH 7.2 4.55
5-Cl-N-Me-Imidazole 5-Cl-N-Me-ImH 5.1 3.9
N-Acetyl imidazole N-Ac-ImH 3.6 3.8
1,2,4- Triazole TriH 2.3 2.9
Triazolate Tri- 10.1 5.3
Imidazolate Im- 14.3 6.75
Aminoacetonitrile CNCH2NH2 5.3 1.7
Trifluoro ethylamine CF3 CH2NH2 5.7 1.3
P-aminopropionitrile CNCH2 CH2NH2 7.7 2.9
Bromoetiiylamine BrCH2NH2NH2 8.49 3.2
Ammonia NH3 9.25 3 .34b
Methylamine CH3NH2 10.62 4.0
Dimethylamine (CH3)2NH 10.64 2.7
Trimethylamine (CH3)3N 9.76 ca. 0 *^
Ethylamine CH3 CH2NH2 10.63 3.65
Isoporpylamine CH3 CHNHCH3 10.63 1.5
Tert.butylamine (CH3)3CNH2 10.55 <0.5C
Butylamine CH3(CH2)3NH2 10.7 4.4
Hydroxylamine NH2 OH 5.96 2.7
Hydrazine NH2NH2 8 .1 2 3.8
155
Footnotes to Appendix 1;
The experimental conditions are mentioned in chapter 3.
(a) Ref. 96 and 101, For 5-membered heterocycles see Table 3.3 page 60
(b) Ref. 75
(c) The value of log K determined by comparing the spectra with the spectra of fully 
formed complex (e.g. imidazole or pyridine complex)
(d) cf. 4.45 in Ref. 31.
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Appendix II:
The log K values for all the nitrogenous bases with different Corrinoids Varying 
in X, X=Me, V, CN, Bzm, H2 O:
Ligand Log K when X=
H2 0 Bzm CN Vinyl Methyl
Pyrazine 0.6
Pyrimidin 0.7
Pyridazine 2.6 0.88 0.6
4-CN-Py 0.9 0.3
Py 3.6 1.2 2 .3 a 1.05 0.86b
4-Me-Py 3.1 1.4 1.06b
4-NH2Py 4.6 1.76 1.38b
4-(CH3)2“N-Py 4.75 2.1
ImH 5.2 4.55d 4 .14e 1 .2 5 c l.ObJ
N-MelmH 4.3
5-Cl-N-Me ImH. 3.65 1.35
1,2,4- TrH 2.35 0.72 0.44
Triazolate 5.5 1.72 1.2
Imidazolate 7.24 2.6 2.2
Trifluoroethylamine 2.8 1.1 0.78 ■^ -1
Aminoacetonitrile 2.8 1.3 0.55 ■^ -1 <-l
P-aminopropionitrile 4.8 3.3 1.6 <-0.5
Bromoethylamine 6.5 3.7 2.5 -0.5 <-1.0
NH3 >9^ ^7k 3 .I5 I -0.05Î -Ik
CH3NH2 6.5% 3.4f 0.04f -o.sf
NH2 OH 5.0 4.6g 2.46b -0 .6 g
NH2NH2 4 .7 g 3.1 0 .2 2 0.04
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Footnotes to Appendix II;
The error in these values was ± 0.05-±0.1 except in the case of pyrazine, pyrimidi 
and 4-CN-Py (small log K) was ±0.2. In the case of substituted amines with DACbi, 
the error was ±0.3-±0.5.
(a) cf. 2.6 [122] (b) Ref. 123.
(c) cf. 1.3 [127] (d) Ref. 121
(e) cf. 4.1 [121] (f) Ref. 94
(g) Ref. 116 (h) cf. 2.4 [116]
(i) Ref. 51 G) Ref. 124
(k) Ref. 122 (1) cf. 3.35 [122]
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